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FBOFESSOB MENDEL'S PREFACE TO THE 

FIRST EDITION 



I TAKE great pleasure in recommending this guide to 
electro-diagnosis and electro-therapeutics. 

For a number of years my colleague, Dr. Gohn, has 
supplemented my lectures by giving my hearers practicsd 
instruction in electro-diagnosis and electro-therapeutics. 
This book had its origin in that instruction. 

I have had manifold opportunities to observe the work 
of Dr. Gohn, and have noted the interest and enthusiasm 
of the students in his courses, as well as the excellent 
practical results of the instruction. 

Therefore, because this book has specially in view the 
interests of the b^inner and of the practical student, 
and because it presents only the imiK>rtant facts in an 
easily intelligible form, I do not doubt that it answers 
a practical need, and will win and maintain a place for 
itself, notwithstonding the numerous and excellent works 
in this special line. 

I cordiaUy wish the respected author the best of suc- 
cess. E. MENDEL. 



AUTHOR'S PREFACE TO FIRST EDITION 



To add another text-book to the already niimeroiis list 
in existence — some more exhaustive, some more voln- 
minous than this — is an act which demands justiiScation. 

I have written this short goide, not to introduce any 
new subject-matter, but because I myself wished to make 
an attempt, hitherto unsuccessful, to win the interest 
of the great mass of students and practising physi- 
cians, who are still almost thoroughly ignorant of the 
subject-matter treated in this book, by presenting the 
old subject in a form which may perhaps appeal to 
them. 

In courses given to students and physicians at Profes- 
sor Mendel's Polyclinic, the fact has certainly become 
evident to me that students of medicine and physicians 
have in general an aversion to all mathematical explana- 
tions and technical discussions with which text-books of 
electro-therapeutics usually b^n. 

This is, to quite an extent, the reason why those about 
to take up the study of therapeutics are discouraged at 
the very outset from approaching the matter more close- 
ly. And if this is the case with regard to the smaller 
books of our branch, some of which are really too brief 

uiK>n the very imiK>rtant matters they discuss, or are 
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extremely bigoted upon the subject of therapeutics, then 
surely the beginner will not venture near the larger books, 
which present all the material in ita most minute details 
— aitho it is just such works as those of Erb, E. Bemak, 
Bosenthal and Bernhardt, Lewandowski et al., that are 
not only permanent contributions to neurological and 
medical literature, but also enduring monuments of Ger- 
man science and echolarship. 

In this guide I have deemed it best, from experience 
gained in the delivery of my lectures, to begin at once, 
after a few introductory remarks, with the description of 
a single apparatus, a stationary apparatus for galvanic 
and faradic currents. In this way, with the help of a 
kind of object teaching, a practical demonstration of the 
principles, I am able to finish the unavoidable physical 
technical part as soon as possible. 

After a physical introduction, brloging in only the 
most salient points, I enter upon methods of examination 
and pathology. 

Now this demonstration of apparatus by means of 
drawings is not nearly so easy nor so effective as a 
conrse at the apparatus itself ; but since it is my opinion 
that the snbjectmatter here treated can not possibly be 
learned from books alone, I assume that this gnide-book 
is to 1)0 used either to finish up a course, and thns to 
supplement the same, or that it will enable a practising 
physician at the apparatus to nnderstand what can be 
done with it. Even if this apparatus is not stationary, 
or is of any other construction than the one described, 
ttaOaiia mutandis by a study of the last chapter treating 
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about api)aratii8, it will not be difficult for the practi- 
tioner to comprehend the matter. 

In the presentation of the physiological and pathologi- 
cal conditions in the diagnostic part of the book, I have 
proceeded from the point of view that one most not con- 
f ose the banner at the very start by mentioning innu- 
merable possibilities and variations, however interesting 
these may be in themselves. I believe the aim of a 
guide-book for beginners is, rather, first to represent 
tyi>es which can be easily comprehended and retained ; 
then, of course, when these types have been impressed 
uiK>n the student's mind, to direct bis attention constant- 
ly to the fact that these are only tyx>e8, and as such allow 
of numerous variations and modifications; and, last, to 
have him notice all these, or at least those important for 
the practising physician. This is the plan followed in 
this book. No matter how schematic a good deal of it 
may appear, I have felt it my duty to present it just 
so schematically at first, altho in every case I have not 
refrained later, either in the text or in footnotes, to 
limit what was said, to correct it, and even in some cases 
partly to recall it. 

The electro-therapeutic part is less in extent than the 
diagnostic. I think I have learned from exjierience that 
any one who commands a knowledge of electro-diagnosis 
can quickly and easily comprehend the electro-therapeu- 
tical technical terms, while without such previous knowl- 
edge he learns these terms with great difficulty or not at 
alL That in the comprehension of the working of the 
electro-therapeutic currents skeptidsm is necessary need 
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not be emphasized here. I can not, however, accept the 
theory of the " snggestionists, " who claim that the cura- 
tive powers of the current are entirely psychical. 

Inafimuch as I consider it wrong to underestimate elec- 
tro-therapentioB, just so would I warn against overesti- 
mating electro-diagnosis. The test repeatedly empha- 
sizes this point, and yet here again I will lay stress upon 
the fact that electrical investigation forms hut a very 
small fraction of all the methods of investigation ; it is 
indispensable iu many cases, hut is never alone sufficient 
for diagnosis. 

An appendix about Pranklioization introduces the be- 
ginner an briefly as possible to the most important points 
of this subject worth knowing, I could not bring myself 
to include in this guide d'Arsonval's current of high fre- 
quency, since as yet it has not been introduced into Ger- 
many, aud since what is kuown of it is too meager and 
needs critical examination. 

I have also excluded galvauo-cantery as well as the 
subject of electrical lighting and trans-illumination. 

I am obliged to Mr. W. A. Hirschmann, who placed 
at my disposal the negatives of the drawings of the in- 
struments, and to Mr. Arthur Sevin, who completed the 
rest of the drawings. 

Special thanks are due to the publishing house, that in 
a worthy and obliging manner has endeavored to give 
tlie guide a handsome exterior. TOBY COHN. 

Behlin, Seplcmbcr. 1H98. 
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In Older to keep pace with the advanceB in science, and 
the many changes naturally occurring in my own opin- 
ions and experience during the course of three years, a 
complete revision of the entire book, and a partly work- 
ing over of entire sections have been found necessary in 
this, the second edition of the guide to electro-diagnosis 
and electro-therapeutics. 

Since in addition to this a number of figures had to 
be added, and the old figures somewhat altered, there 
existed the danger that the book would assume a form 
which would differ materially from the old one, in which, 
to my great pleasure, the book, in a relatively short time, 
attained a general circulation, and met with commenda- 
tory criticism. 

By means of the greatest i>ossible condensation of ex- 
planations, by relegating to remarks and footnotes opin- 
ions which are still a matter of discussion, and those 
which are practically unnecessary for the purpose of the 
book, and by the most conservative treatment in the text 
revision, I have endeavored to avoid this danger of un- 
welcome innovation, and to maintain the book in ite old 
approved handy form. 

Nevertheless in obedience to a general desire, I have 

somewhat increased the therapeutic part, and also added 
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a chapter on Teslaic currents, and an appendix concern- 
iflg new methods in the application of forms of electric- 
ity. 

I made these additions reluctantly, for good methods 
of application, much less new ones, are as rare ascritical 
eleGtro-therapeutists ; and, in regard to the curative 
powers of Teslaization, notwithstanding the lively prop- 
aganda made for this form of treatment, my opinion, 
based upon the recent work of others in therapeutics, 
and also upon my own investigations, is not very far 
removed from skepticism. Disn^arding all this, how- 
ever, I have made the above-named additions, because in 
the absence of positive reasons, I did not feel justified in 
withholding these things from my readers, no matter how 
questionable they may appear to me. 

The advice given me by one of ray critics — to intro- 
duce more physics — I have not followed because I con- 
sider it entirely erroneous. On the contrary, I have 
found in every course of lectures which I have delivered 
that practical electro -physical discussions neither arouse 
great interest nor are they very well understood. 

Also, in spite of advice to the contrary, I have held to 
the principle of demonstrating all diagnostic and thera- 
peutic proceedings (in so far as they concern galvanic 
and faradic currents) with the same stationary apparatus, 
and to describe other constructions later in a special chap- 
ter. This division of materials is perhaps logically open 
to attack, but didactically it certainly answers the pur- 
pose. 

In regard to this it is of counw immaterial whether the 
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apparatus chosen for description was a stationary one 
made by the firm X, or a portable one by the firm Y. In 
the face of the innumerable constructions which exist, a 
I)ortion of the readers would in any case have to fall 
back upon combinations and individual interpretations. 

A complete orthography is included in the new edition, 
and misleading errors occurring in the text and print of 
the first edition have, as a matter of course, been elimi- 
nated. 

I take this opxK)rtunity of most cordially thanking 
my colleagues, who by encouragement and advice have 
shown their interest in my work. I would also like to 
thank my dear and honored father, who has aided me 
untiringly in this revision, for his painstaking coopera- 
tion. 

I also thank my publisher, Mr. Karger, for his con- 
stantly friendly attitude toward me. 

TOBY COHN. 
Berlin. April, 1902. 
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The translation of Dr. Toby Gohn's Guide should 
prove of great service to physicians. It gives concisely 
all that is important in electro-diagnosis, and in electro- 
therapeutics all that is of positive value. It places elec- 
tricity exactly where it belongs in a physician's arma- 
mentarium, as a curative agent. It will commend itself 
because of its excellent plates, its precise and very thor- 
ough explanation of the method of investigation and 
how to make an electrical diagnosis, and the careful 
instruction it gives for the proper use of electricity as a 
therapeutic agent. It presents so many good features in 
such an admirable manner that it should readily fill in 
this country the same place it has filled in Grermany. 

Francis A. Sckatchley. 

New York, March, 1904. 
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PART I 
ELECTRO-DIAGNOSIS 



CHAPTER I 

EXPLANATION OF THE APPARATUS 

{Phytieal Introduction) 

The Galvanic Apparatus 

When two metals — ^as, for example, a piece of zinc Tueoen 
and a piece of carbon — are immersed in a liquid — say, a 
weak acid solution — ^then they acquire a particular form 
of potential energy (electrical energy) under a certain 
tension, which is different in the two metals. Such a 
combination is called a galvanic cell. 

The metals used in a galvanic cell have been arranged in a ao- Tension Sertif 

called "tension series," in which relative difference of tension is 

indicated by position in the series: the nearer two metals are to each 

other in the series, the smaller is the difference in their tension ; the 

farther they are apart, the greater is their difference. This aeries 

is as follows: 

Zinc, 

Lead, 

Tin, 

Iron, 

Copper, 

Silver, 

Gold, 

Platinum, 

Carbon, 

Manganese. 

In a cell consisting of zinc and lead, or of carbon and manganese, 

3 
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Ihf itiflptfiicp iu Wnslon U exlreiuely small; in a cell of ztncuu) 
uittnjtAni.'so tlic greatest of all. 

If wc c-ounect tlie free enda (poles) of the two metals 
immersed in the fluid with a coadactorof electricity— aa, 
for example, a copper wire — then the different teuaions 
in the now-closed eircuit — metal 
I., fluid, metal II., copper wire 
— will begin to neutralize ca^-h 
other ; and since, through the con- 
stant contact of the metals with the 
fluid, a continual, constantly 
newed collecting of electrical 
ei^y takes place within them, there- 
' [be uTOw' indiiuiMi uie fore the neutralization will be, nol 
only a momentary, but a constani 
one. This self- replacement is called "a current of elec- 
tricity" (constant current, galvanic current) (Fig. 1). 

The greater the difference in tension of the two metala 
of the cell — i.e., the farther they are apart in the tension 
series — the greater will be the energy of the current. The 
ability of a cell to generate an electric curreut is called 
the electromotor force of the cell (E), The electro- 
motor force of the (^lls, therefore, increases iu propor- 
tion to the distauce between the metals in the tension 
series. Thus a zinc-manganeae cell or a zinc-carbon cell 
would have the ability to generate the greatest electro- 
motor force possible. 

Wo distinguish a current in the neutralization of the 
different tensions. This take.s place in the liquid, pass- 
ing from the metal higher up in the tension aeries to the 
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one lower down. For instance, in a zinc-carbon cell the 
neutralization, t.e., the current, flows in the liquid from 
the zinc to the carbon ; in a copper- wire — or any other 
body — connecting the free metals (*' poles"), and which 
is known as the connecting-arc, naturally the direction 
will be an opposite one, that is, from the free carbon 
pole to the free zinc pole. 

Of two metals in galvanic action, that which is higher 
up in the tension series is called positive, that which is 
lower down negative ; and therefore we say, the current 
in a galvanic cell flows in the liquid from a positive to a 
n^ative metal. Accordingly, in a zinc-copper cell, zinc 
would be i)08itive and copper negative ; in a (hypotheti- 
cal) copper-carbon cell the copper would be positive, the 
carbon negative, and the current in the liquid would 
flow from zinc to copper, and from copi)er to carbon. 

In the connecting-arc, in w^hich, as before stated, the Anode and 
current flows in an opposite direction, we call the free 
end of the positive metal (as, for in- 
stance, the free zinc pole in the zinc- 
carbon cell) the negative i>ole or kath- 
ode, and the free end of the negative 
metal (the free carbon x>ole) the posi- 
tive x>ole or anode. 

Now imagine the connecting-arc to 
be severed at any one x>oint, and that no. 2.— Tbe Human Body 

., , . /• 1 J. • 'A In the Current Circuit. 

some other conductor of electricity, 
as, for example, a portion of the human body (JGT, in 
Fig. 2), be inserted at the x>oint of interruption, then 
the current will flow in the same direction, through the 
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interveniDg body, aud tlie point of entrance of ihie, car- 
rent will be called the anode (positive or + polej, and 
the point of exit tbe kathode (negative or — pole). 

Those portJona of the interrupted connecting -are which 
are in immediate contact with the body, and which ac 
cording to requirements may aasmue diffei-ent forms, 
ai-e called electrodes- 
It is necessary, for therapeutic aud diagnostic pur- 
poses, to be able to send through the human body cur- 




I. 3.— Tbo GBjynnlc BotWry. MK. Hiunso body. 



rents of different strengths, stronger and weaker (we 
also say greater or lesser currents). In order to allow 
of such gradation, several similarly formed cells are ar- 
ranged in such a way that the negivtive pole of a prece- 
ding cell is always connected by means of a copper wire 
with the positive pole of a succeeding cell,* aud this 
copper wire finally connects the free iwles of the first 
and last cells with each other. This arrangement is 
called a galvanic battehy, and the electromotor force 
of the battery increases with the number of cells which 
compose it. The current in this battery and also in the 

"These are also called by some "conQQCtion" or "conaecu lively 
placed " celts. 
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interposed human body has the same direction — from 
the first carbon to the last zinc pole. Therefore we nse 
the terms anode and kathode of the battery. When it 
is i)06sible to insert cell after cell, or several, or all simnl- 
taneonsly, in the corrent, then we can obtain a gradual 
increase or decrease in the strength of the current. An 
arrangement similar to this is attached to every appara- 
tus made for medical use. 

If we examine the stationary apparatus in the accom- statioiitfT 
jianying cut (Fig. 4), we see a case which contains a 
great number (thirty to fifty) zinc-carbon cells, of a par- 
ticular construction (which will be described later on). 
These cells are connected with one another in the 
manner described above, and from the carbon pole of 
the first cell a metallio connection passes under the 
table of the api>aratus to a screw (binding-post) of the 
stand. This screw is marked -f- and forms the anode of 
the battery. A similar connection passes from the zinc 
pole of the last cell to a screw or binding-post marked 
— which forms the kathode of the battery. From both 
binding-i>06ts the connecting-arc is continued in the two 
oonducting-cords (copx)er wires wound with silk and 
enveloped in rubber tubing for the purpose of insula- 
tion), to the electrodes provided with handles.* 

If we apply the electrodes (moistened for reasons 
which will be stated later) to the human body, then the 

* In order to diBtinguiBh, even at a distance, in whidi direction the 
current flows, the rubber tubes enclosing the conducUng-cords are 
of different colors, red and black Cords and electrodes are omitted 
in thecal 
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^H ciirreDt of liie battery muHt< flow through the body in a 
^H certain direction, uamely, from the anodt: to the kathode. 
^H Now on the table is a device which allows ils to send 
^K through the body the eutire cuirent of the battery, or a 
greater or leaser cm-rent, according to the number of 
cells generating it. This device is the cell -collecting 




switch, lettered E in Figs. 1 aud 5. If the handle of 
this switch rests on 0, then the circuit is open and no 
cmrent passes through the connecting -arc. If the han- 

Idle is placed at the contact-points marked 10, 20, 30, 
etc, then by means of a simple arrangement beneath 
the table a current generated by 10, 20, 30, etc., cells 
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will pass through, and thus a gradual strengtbeniDg op 
lesseuiDg of tihe ciureDt be made possible. 

In many apparatus we can control the gradation more delicately, 
namely, from cell to cell — progressively and rclrogresaively — but 
this, as will soon be stated, is not at all necessary tor practical pur- 
poses. 

During the passage of the slowly strengtheuing cur- 
rent throi^h the body, we experience a gradually increas- 
ing burning seusation of the skin, which in time becomes 
even painful, 
aunnometer At the same time we see, in the apparatus designated 
by G — the absolute galvanometer — a magnetic oscillating 
needle. The greater the number of cells included in the 
current, the greater will be the distance traversed by this 
needle. The needle moves along a scale, beginning at 
zero, in the middle of it, and indicates, by means of an 
empirical graduation according to a standard unit (mil- 
lianii)Sre), the strength of the current which is present 
in the human body. 

The question then arises : Is it really necessary to have 
a measuring- apparatus like tbisT Can not the strength 
of the current present in the body be calculated from the 
nnmber of included cells! Could we not say, a current 
generated by 10, 20, 30 cells is passing through the 
body I 

That would be entirely wrong; the current applied to 
the body at the point for investigation — say the most 
sensitive spot of a muscle or a nerve — has not the same 
intensity at tbo moment of application as at the moment 
when it is generated in the cells. 
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On its i>a88age from the cell to the moscle, the current 
loses in strength because of the resisting forces which 
oppose it These are: first, the resisting forces in the 
cell itself (known resistance), and secondly, the resist- 
ance in the connecting-arc, which includes the human 
body (unknown resistance). The strength of the cur- 
rent in the body (intensity, L)i therefore, will increase 
with the number of included cells (electromotor force, 
R ) ; it wiU, in addition, be dependent upon the great- 
ness of the resistance (R ), and the current will decrease 
in intensity with the increase in resistance, and vice 
versa. This is the exceedingly important first Ohmian FintommaniAw 

ULw — the alpha and omega of electro-diagnosis. 

R 
C. = ^5-, the strength of the current is equal to the elec- 

IC 

tromotor force divided by the resistance. 

Accordingly, when we wish to ascertain the strength 
of the current in the body, it does not suffice to know 
the number of included cells ; we must also, by means of 
certain methods, determine the resistance exerted by the 

body, in order to calculate the value of the fraction 

R 

.^ ; and this is made x>06sible by the absolute galvanome- 

ter. We may completely ignore the right side of the 
equation and answer the question concerning the inten- 
sity of the current, I., by reading it directly from the 
galvanometer in milliampdres (ma. ). 

1 mflUampdre = r^ ampdre. 

1 ampdre (standard unit of measure for the current intensity, L) 

1 volt 
Idhm. 
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I volt (Blanilard unit of measure for the cleclroniolor furce = ^ 
of a freahlf Oiled Danietl cell, and equaU tbc amount of electricity 
which Is set free by clectrolysia in one second (at 0° and a pressure 
of 760 mm — 0.114fl c.cra.H ). 

1 ohm (Htaudard unit of measure for resistaace) is equivalent to 
the rcsiHiance of a column of mercury, 106 meters in length, and 1 
Bq. mm. cross sec I ion. at 0" (C.) 

Therefore it is wrong to say that a current of the 
strength of bo and so many cells flows into the body ; on 
the contrary, we may simply state thai the strength of 
the current in the body equals so and so many ma."^ 

Dubols'i TBforT " In recent yenrH Dubois, of Bern, in opposition to the above stated 
facts, and basing bis conclusions on the results of numerous cxperi- 

ments. declared that the intensity, i e., the value -n-. dnea not al 

ways determioc liic power of the electric current, that, on the con 
trary. In nerve stimulailon at ilio katbodal contact (see Chapter II.}. 
the resultant contraction in the phase of the curve's increase is, on 
the whole, independent of tbc bodily reaistsnce, and rather matc> 
rially dependent on the aleclromolor force — the tension — of the cur- 
Tent, and th&t the intensity of tbe current can be regulated b}' the 
resistance of the metals (see below under Rheostat). Hence, for 
example, we can obtain the same strength (in ma.) of the current 
by the unresisted action of ten cells, hh by the partial action (weak- 
ened by the rheostat) of twenty celts, and yet occasionally a con- 
traction will occur tn ibe second case and not in the first. 

If this ia correct, then, in order to produce an effect in depth, we 
would have to regard Uie working of a galvanlc-kathodal contact 
as similar to the spark of an induction -machine (see Chapter X.), 
whose scope and inQuence depend likewise simply upon the tension, 
and which overcomes the resistance of the akin and clothing with 

Since, however, the experiments of Dubois have been attacked 
on many sides (Hoorweg, Zanietowski. Mann, etc.), it ia beat not to 
draw any conclusions, and to hold to the above statements until a 
final decision concerning Dubois's theory has l>een made. 

Many manufacturers, it la true, have already turned out station- 
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Since, according to Ohm's law, we most increase the TbeBeawuio 
electromotor force with the increase of the resistance, it 
is natorally of the highest importance that we know all 
the conditions of resistance. 

While the resistance in the cells is of little account 
and rather constant in a good apparatus, and the resist- 
ance in the metallic connecting-arc, altho not insignifi- 
cant, may be regulated at will (as will soon be shown), 
still the resistance which the human body offers the 
current is quite considerable in amount and subject to 
many variations. And among the tissues and organs of 
the body there is also one whose resistance is of great 
importance in the application of a current ; that is, the 
skin. The resistance of the skin to the current is so 
great that, in comparison, the resistance of the other 
tissues of the body and of the cells need not be taken into 
consideration at all. 

The resistance of the skin varies indifferent places TbeBoiituio 

tbeSkln 

and at different times. "^ 
Dry skin offers the greatest resistance to the galvanic 

ary apparatus fitted not only with galvanometers (amperemeters), 
but, in addition, with voltmeters, to calculate the intensity of the 
current as well as its tension (compare Chapter IX.). In fact, 
Zanietowski recommends that in examinations the volts should al- 
ways be recorded, in addition to the milliamp^res. 

* As may be seen from the above, it is rather immaterial, in cal- 
culating the strength of the current, whether the poles (electrodes) 
in contact with the body are near to each other or at some distance 
apart. Only the condition of the skin at the two points where the 
electrodes are applied is taken into account, since the resistance of 
all the other tissues along the path of the current is, comparatively 
speaking, easily overcome, and practically need not be taken into 
consideration. 
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current. Dry electrodes, placed on dry Bkin, oflfer an 
almost absolute resistauce to eveu the most powerful 
currents. At the utmost, they simply aet upon the sur- 
face, for they can not penetrate the skin. Therefore 
the electrodes (or the skin, or both) must be moistened 
if we wish the current to penetrate to any depth. 

Those parts of the akin which are usually uncovered 
and possess a thick epidermis or covering of hair offer a 
greater resistance than other portions. The resistance 
is less in places where there are numerous sweat-gland 
ducts or hair- follicles, through which the current can 
slip in, so to speak. 

Tlie fa*'t that during the time in which a current ia 
flowing through the body the action of the current itself 
^_ deci-eaaes the resistance of the skin is of greatest impor- 

^^ tauce. One may, for example, by iusertiug a portion of 

^K tbe body (the hand or the like) Into the current, observe 

^H Uiat the galvanometer needle, which at first marked a 

^^H certain degree of current strength, say, 2 ma., will, 

^^H after a short continuation of the Sowing of the current 

^^H through the object, move forward quite a distance and 

^^1 then mark 3 or 4 ma. I. has become greater, not be- 

^^1 cause E. has become greater, but because B. has be- 

^^B con 

■ 

^^B resi 

^^M and 



This decrease of the resiatauce will, of course, continue 
only until a certain limit is reached (constant minimum 
The stronger the currents, the more rapid 
iu general the decrease of the reaietaucc. In old people 
and in children the initial resistance is often very great 
a the beginning, and later on, during the passage of the 
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current, there will be a considerable decrease of the 
same (see Chapter YL, Gondnction Besistance). 

Bhonld one desire a x>articalarly great reduction of the 
resistance of the skin, then, besides a thorough moisten- 
ing with lukewarm or warm water, a little salt may be 
added to the water.* 

When thus the two i>ostulates — (1) the gradual in- onduttoaoc 
crease of current, and (2) the determination each time 
of the strength of the current by means of the battery 
switch on one side and the galvanometer on the other f — 
are fulfilled, there still remains to be desired the i>06si- 
bility of graduating the intensity of the current more 
delicately than can be done by the turning of the switch 
firom ten to ten cells (or even from cell to cell). 

If — as» for instance, in a case for diagnosis — it is 
necessary to be able to ascertain that intensity of cur- 
rent which will cause the slightest discernible contrac- 
tion (minimal contraction) of a muscle, and if for this 
purpose cell after cell is included into the current, we 

* A great reduction of resistance is effected by all so-called cur- 
rent manipulations, closings, openings, turnings, etc. (see furtlier 
down). 

t On most galTanometers there are to be found one or more small 
accessory apparatus, which may be casually mentioned ; a little de- 
▼ioe, by means of which the osdllating-needle may be excluded or 
placed at any desired point (through frequent dianging or manipu- 
lating of the current the needle might easily be misplaced tlirough 
its too intense swaying back and forth) ; besides tids, a multiplying 
time dcTice, which enables us easily to calculate greater current in- 
tensities than are recorded on the scale. A more detailed description 
of this little apparatus may be omitted. In Fig. 5 the little block 
containing the multiplicator is marked M. At IT are stoppers 
("shunts "), according to the use of which the amount shown by the 
gslTBDometer most be increased, two- or five- or tenfold. 
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should incidentally see that a onireDt gentfated by, aay 
seventeen oells, mi^t prodnoe a strong (not minimal) 
oontxaotlon, bat that a oorrent of sixteen cells would 
produce no contraotton at alL Tlie minimii] contzaodon, 
titen, lies somevhere between Otese two. 

For tberapeatic pnrposes also, or, for instanoe, in tlie 
galvanization of the head, or the galTanio treatment of 
nenralgias, it is aba(dately neoeasaiy to avoid the cur- 
rent changes (see details below) caused by Jumping from 
cell to cell. 
* To do away with these ondesirable ecmditions and to 
obtain an extnordinarily delionta and gradnal variation 
of the current intensity, we use the riieostat designated 
by B on the table of the apparatus. 

Tho principle of thu rheostat is Kunethlng like Ui&t of a b1uIg« 
placed In B liquid current (river). This sluice oppoaeaa reatsbmce 
to tlie further flow of the wttter, and can be gradually raised out of 
the cuncDt. The higher it is ralaed, the greater will he the amount 
of water which will flow with the curreoL 

If we Boppoee resisting objects to be inserted into the 
oonneottng-arc of a cell, for instance, nomerous small 
German-silver rods, in aocb a way that the cunent mnst 
pass throngfa them before reaching the human body, 
then the difSculty attending the passage of the current 
increases with the nmntwr of resisting SQbetances placed 
in the connecting-arc of a cell. 



BZPLANATION OF THE APPARATUS 17 

the body will gradually become less and less. This is 
aooomplished by the rheostat (in direct connection) Ri>«>itotto 
diagrammatically presented in Fig. 6, and in Figs. 4 
and 5 designated as R. Below the apparatus table are 
placed German-silver rods, each of which leads to a 
oontact-iK)int on the snrfiace of the table. A handle 
glides over these points of contact arranged in a circle. 
When the handle (O in Fig. 6) is placed on the first 




fto.8.— Tlie 
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body. 



IK)int of contact to the right of (which wonld be npon 
the contact-point 1 in Fig. 6 *), then we see that the cur- 
rent wonld have to i>ass through all the little German- 
silver rods before it can reach the body. These little 
rods offer so much resistance to the circuit that when 
the handle is placed thus no current can reach the body ; 
no matter how many cells have been included by means 
of the battery switch, the needle of the galvanometer 
remains fixed. But if we now turn the handle around 
to the right, less and less resistances will remain to the 
cireoit, more and more resistances will be excluded, so 

* There is a break at contact 0. 
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that the passage becomes clearer and clearer for the 
rent, and gradnaUy more and more current can paes into 
the body ; and when the handle — the dotted line iii Pig. 6 
— rests on the last point of resistance [8 \a Fig. G), then 
the entire current will pass through the body unhindered. 




J, AcoesBoiT conoeclloD : Rh, 
ibodj. 

This gradual increase in the intensity of the current is 
obtained by moving the galvanometer needle slowly and 
steadily forward from the point. 

The principle of tho rlieostal in tlie accessory connection is not 
much more complicated (see Fig. 7), I/, namely, a sccoud coiuiec- 
tlon (accessory connecllon) ts brought into the connecting -arc of a. 
cell — S8 Id PMg. 7 — and Ibe Uuman body is In the first connect- 
ing-arc (dirttt connection), then tlie current could pass along two 
ways— through the direct connection with the human body, or 
through the accessory connection. Now the current usually selects 
the most convenient path, and, since tlie human body, as we saw 
above, offers a strung resistance to the'current, therefore, when 
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B metallic Acceisorf conDRction is arranged at tbe connecting-arc 
of Uie cell or of the batlery, at that very moment the entire 
current of the cell or of the batlery will select the easier path 
through the accessory connection, and, comparatively speaking, 
nothing will pass through the t>ody. Now let us remember that 
resistance is also present in the accessary connection, for instauce, 
that of numerous amaU German-silver rods, so many that their 
rEslstance Is greater than the resistance of the body; therefore the 
path through the direct connection will be relatively easier for the 
current, and the entire (or almoHt the whole) current of the battery 
will pass through the bud; ; and if, Bnally. lhei« exists the poaai* 
Lility to include tbe realatances one after another into the accemotf 
couneciion, the passage through the accessory connection will gradu- 
ally become more and more difilcuU and the path through liie direct 
connection more and more easy, and after a while less and less of 
the current of the batlery will pass through the accessory curreut 
and more and more through the body. 

The rheostat in the accessory connecUon, constructed according to 
this principle, is diagrammatical ly represented In Fig. 7. When the 
handle C of the apparatus, which is outwardly similar to the other 
rheostats, rests on contact-point 1. then this means (as can be easily 
Men from the figure) that no resistance worth spealting of is in the 
accessory connection. Almost the entire current now passes through 
tbe accessory coDDCctk>n; hardly any cells are included in the cur- 
rent by means of Uie cell-connecting switch ; hardly any current at 
all reaches the body, the galvanometer needle pointing to o, When 
the handle is slowly turne<t to the right, aii increasing number of 
reaistancei arc gradually being inserted into the accessory current, 
and the paasage for the curreut (as staleil above) becomes, relatively 
speaking, easier through tlie direct connection, and there is a very 
gradual increase in the intensity of the current in the body, the 
point of llie galvanometer needle slowly moving away from 0.' 

'The modem apparatus ntted with LeclancbG cells have the 
rfaeoatat lu the direct connection for Ibc purpose of saving the cur- 
rent. What follows will constantly assume this connection. 
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DnotBticMui How, then, do we employ the rheostatt When, for 
iiistance, we wish to determine the amoaut of current 
strength necessary to bring ahout the minimal contractiou 
of a mnscle, we must proceed in the following manner: 
Place the moistened electrodes upon the muscle (details 
concerning the arrangement of electrodes will follow 
later), include any desirable number of cells (ten, twenty, 
etc. ), while the rheostat handle rests at 0. Then slowly 
move the handle of the rheostat along the poiiita of con- 
tact until a distinct contraction of the muscle is observed 
at an opening or closing of the current (see below). 
Now, while the current remains closed, look at the gal- 
vanometer needle and read the intensity of the current 
in ma. from the scale. 

Or if we wish to undertake for therapeutic purposes, 
for example, a galvanization of the head, with a certain 
lesser current strength, say 1 ma., we again apply the 
moistened electrode (in a manner the details of which 
are to he described later) to the head of the patient, and 
include any desired number of cells, and now, while con- 
tinually observing the galvanometer needle, we slowly 
turn the handle of the rheostat clockwise (to the light), 
until the needle marks 1 ma.* 

curreni Reveraer Still another accessory apparatus, which is of impor- 



* CoDgequentlj It ts not of so much Importance, in the regulation 
of the current strcngtb, how many cells are uaed ; the regulatloB U 
done bf the rheostat, not by the cell-con necting switch. But, as a 
matter or course, the grailatinn may be much more detieale. if (for 
InstBUce, to obtain wealc currents) a small number of cells are ia- 
cluded so that the entire rbeosiat uiay be used for current gradua- 
tlou. Hee above, footuote, page 13- 
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tanoe in the application of the galvanic current, must be 
briefly described here — the current reverser, designated 
by\ft[in Fig. 5. This is used to change easily the direc- 
tion of the current in the connecting-arc without disturb- 
ing the electrodes, a condition that is almost indispens- 
able for purx)oses of investigation. When the handle of 
the reverser rests on the contact-point N (normal posi- 
tion), it shows that the current is flowing in the original 
direction, that is, from the + binding-post to the ^ 





ns. 8.— The Curraiit BeTener. JV, Normal poiiit; TT, reveraed point; K^ hnikuui 

body. 

binding-i>ost; but if the handle is moved to W (turning- 
point), there the -f binding-post is the kathode and the 
— binding-post is the anode, and the current direction 
goes from the latter to the former — that is, in the oppo- 
site direction.* 



* Between N and W there is a point upon which if the current re- 
verser rests the circuit is open. By turning this reverser, there- 
fore, it is possible to open or close the circuit in one direction or the 
other at wiU. 
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connectiiig-arc is rapidly brought uear to anotlier metal- 
lic electrical condactor, as, for example, a second spiral, 
a galvanic ciirreDt will also occur in this second spi- 
ral at the moment of its approach (this is the law of 
the so-called induction), and when the second spiral is 
rapidly withdrawn from the spirally formed connecting- 
arc of the galvanic cells a galvanic current again occurs 
in the second spiral. The spirally formed connecting- 
arc of the cell is called the primary spiral {P.S. in Fig. 
10), and that of the second spirally formed metallic con- 
ductor is called the secondary spiral {S.S. in Fig. 10). 
The current which occurs in this way in the secondary 
spiral is opposably directed in the rapid approach of the 
primary galvanic current, and similarly directed in the 
rapid withdrawal. We call this indnction, faradic or 
Becondary current. 

The rapid approximation of the secondary and pri- ' 
mary spirals to each other and their rapid separation 

^A^ If 




I may be accomplished by allo^ring the secondary spiral 
' to rotate on any given point, C, or — and this is the case 



iaali Midi 
'iwlarj flfnnl to i 
interntpcing-deriee into tlie eomiectiiiE-aic of tta pri- 
noTj Kpiral at anj one poont (O), and fane nftja^nj. 
nfiidlf dwng and openii^ the ramnt of tte jHJaaij 
•ifiiraL Tbm this will appraximatelr camqMBd to % 
tntotiaaal and tapid appnadi of both qtitalB be^ infi- 
uiUi diMance and s impid wpantkm to infinite ■**-*"Mtn 
Tlw quicker this altemate closing and o^ieniiig of tte 
cajtvat in the eonnectii^-ate of the galTsnie »»Jlff 
oGcnrn, the mote inteoBTe viii be (orteni pvOas) tta 
indoctioB elbet upon the seeondaiy spiral, in vUeh two 
coDtinnally diaiiging eanCTtB wiU then oecar, taie of 
vhich will always be opposed to the priniaiy onrrent 
aiK) the flecond of which will always comepond to it. 
f The rapid cloeng and openiDg of the primary cnncnt, 
repeated maoy times in a anit of time, will be shown in 
onr iDdactioQ-apparatas by means of the Wagner-Neef 
hammer fFig. 11). 

CoDceroing tbe luc snd conBtnicttoa of the Indue don-appantna, 
IMI« partfcuUrly the followfng : A metallic connecting -arc (of heav- 
ily liuulatcl copper wire) goes from one or two of the ordltiary gal- 
vanic cclla {B, Fig. 11), to be found under the apparatus table, to 
the tnp of the table-plate, and is there spirally wound a few tlmM 
artiund a wooden cylinder (priniary spiral, P.S.). At « distance 
<rcgula(«d by tncaDS of a cog-wheel arrangement and a vertical 
•crew) from this primary spiral Is a second cylinder wound about 
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the cells) 
DFcting-ai 



e flod an iroD rod (M) enclosed In the wire of the con- 
A mclaUlc plate (anchor, A) hanga over Ibis iron rod, 
and is maintained in this swinging position by a, spring {F) at the 
primary spiral. >'ow it ouo of the openings (O in Fig. 11) in the 
block J (Pig. 5. page D) upou the tabic be plugged, immedial«ly a 
galvanic current will occur in the connecting-arc (that is. the pri- 
mary coil) which has until now bc*n open. Because of the occur- 
of this current, this insulated iron rod (.V) becomes magnetic 
U tbe same time, and It forcibly attracts the metallic plate (anchor. 
At the same time tbia frees the metallic plate 




no. 1L= 
rodol 



ol iDdneUnn Apiarattti. B, Ol) : f\. opening In (bp prtmiiT 
DT pliw: F.iprtDg: StKKKW: A.^arbor: M.magneW Iron 
;r: PS. t>rlmary aplnl: S S.SKOiultTy spin] ; K. buioan bodT. 



from its connection with a superimposed small screw {SeA), By the 
looeenlng of this connection between screw and plate the circuit is 
broken: and when thai happens the iron rod loses its magnetic 
power, and the spring by means of its own elasticity draws tbe 
metal plalc (.4) toward tt and away from the formerly magnetic Iron 
rod. Id this way the plate again comes into contact with the screw, 
the circuit is again closed, the iron rod again becomes mag- 
Dedc, etc 

Tbli play of the hammer, which is exceedingly rapid, occuniog 
many thnes in a second, produces tbe well-known buzz of the fara- 
dlc apparatus : as soon as we close the current by plugging up the 
block (see Fig. 5. J), we cause, many times in a second, an alternate 
of two currents In the secondary coil, flowing in oppo- 



^^^ Rcuirence 
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8it« directions (iilt«rQatlDg currentB), wliicli may be conducted from 
Ihis coil to the buman body.* 

In all apparatus, as has been etated, tbe seoondaiy coil 
(which, an we know, is tnbalar) may be moved over 
the cylindrical primary coil.t The farther it is removed 
from the primary coil, the weaker is the induction effect ; 
the latt«r will be at its maximum when the secondary 
toil completely surrounds the primary coil, that is, when 
the coil distance (CD.) — which may be read from a 
centimeter scale placed on the table — is exactly 0. J 

*B. Remak bas presented a small "apparatus for tho production 
of dugle-BtroliG iuduotiou," wblch makes possible "a cuirent-clo- 
alng of the induced current, solely by nitians of the primary coil, in 
which the Wagner-Ncef Iiammer is not considered at all" 

t An Iron core inscrtixl in tbc prinmry spiral, which is magnetlEed 
by (be primary current, serves to strengthen this primary current, 
and consequently to strengthen its induction influence upon tho sec- 
ondary one also. If It l>e drawn out. the prinmry as well as the fara- 
die current becomes weaker; the farther it is Inscrl^d, the stronger 
will become both currents. 

i What we read from the Hcale is— as is eafilly seen — not the cur- 
rent strength (1.) of the secondary current, for we do not Itnow the 
reslEtance (R.), and an absolute measuring apparatus, by means of 
whicb we could read I. (as In the absolute galvanometer for the 
galvanic current), does not yet eslst. The body and akin resistance 
does not play by far ae important a part for the faradtc current as 
It does for the galvanic current. But fortUo compulation of Ihc 
electromotor force (E.) of the apparatus, at leaat, it would bo of Im- 
portance to have a device by means of which It would be possible 
directly to read off the actual strength In standard units, as, for 
example, in volts, so as to be able tocomparc the results of different 
apparatus or of the same apparatus at various times, all of whicb, 
with the difference in construction of the varloua apparatus and the 
variation in Beusibllity, is impossible without such a device. The 
so-called faradlmeters are constructed upon this principle, but they 
have not been very favorably received. Perhaps an apparatus 
recently invented by Hoorwcg, which, it is said, makes possible (as 
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The continual changing of the cnrrent direction of tim n 
the secondary spiral, repeated many timea in a unit of 
time, will naturally result in the poles also continually 
['clianging their positions: that which is the anode in the 
first fraction of one second becoming the kathode in the 
next. We can not, therefore, really speak of a faradic 
anode and kathode, as we distinguish them in the con- 
stant current, and as a matter of fact in therapeutic 
^ practise we do not usoally make a distinction.* 

^Kwltb the galvanometer) the rudlng of the current inteailty, will be 

^Bnore succeagful. 

^B * But the fact rcmaiaa that there is a difference between tho fara- 

^^E^ poles, for the following reason : 

^^^ JuEt sa the primary spiral has an induction effect upon the bcc- 
ondarr ipirel. so Ihc separate windings of the primary spiral have 
a sort "f induction effect upon each other (self-induction). Upon 
this in the primary spiral itself a current called the extra-current 
occurs at every momentary opening and closing caused by the 
Wagner-Necf hammer, and just aa In the current of the secondary 
octl. so also Id this extra-current of the primary coll, the current 
direction at each momentary closing is opposed to the primary cur- 
rent, and at each momentary opening is the same as in the pri- 
mary current. At every momentary closing, therefore, there are 
always Iwo currents in tlie primary coil at (he same time — (1) the 
primary, (3) the eitra-current — which are opposed to each other; 
but through this opposing direction the eitra-current relanls and 
weakena the. primary, and therefore In the momentary closing the 
tDductioo effect of the primary coil upon the secondary, and in like 
manner the secondary current itself, are relatively weak. In the mo- 
■DNttary opening the primary current disappears, each time through 
tfae opening; but al this phase a strong extrH-current. its expanding 
Strength unhindered, arises, having the aame direction as the disap- 
pemring primary current and tho secondary current generated by its 
diMppeftrmnce. Hence at every momentary opening the induction 
diect upon the secondary coil, aa well as tfae secondary faradic cur- 
KDC it«eU, will be very strong. If these differences in strength be- 

^^^men the opening and closing currents arc great enough— and that 
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In all stationary and in many portable apparatus, there 1 
is still another device which may bo described iu a fev I 
words. This is the current-changing device constructed \ 
upon de Watteville'a plan (S in Fig. 5). 

It is very desirable, for purposes of inveBtigation, to I 
be able to send (in the same coni'se) the faradic current j 
into the body, from the same pair of binding-posts from I 
which the galvanic current is conducted, through the I 
conducting -cords and the electrodes to the body. 

This may be done with the aid of the current-changer, 
when we move the handle, which is usually at C (con- 
stant current) to jS (secondary current). If now we J 
close the cireuit of the primary faradic current by I 
plugging the block at J" (in Figs. 5 and 12), we c^n, 

is uamtlly the caae — we nmj, for practical purpoaee, ignore Uie weak 
cloBing current entirely, and to a certuln extent may regard the in- 
ilueed current as coDsisIlng of a series of opcuiag currents. These 
opening currcntB all have, as we have just aeen, the same direction 
— i.e., the fiame as the primary current; therefore, If we maintain 
this statement of the single current direction, we can again (in the 
same way also) dielioguish an anodu and a kathode of the faradic 
current. By this wc mean tlic anode and the kathode in the pod- 
tloD they would have if the faradic current were nothing more than 
a series of uninterrupted opening currents. Wc shall sec later on 
that these diSercnccB between the faradic pules practically will oc- 
casionally be of the higbcBC importance. 

In most apparatus, furthermore, wc can also turn off the cxlrft- 
currcot (or "primary induction -current, "as it is also called) directly; 
now as Ibis must, to a certain extent always, give oH a part of its 
strengtii la the secondary coil. It will be strongest the more strength 
it can save, i.e., the further Ibo secondary coil is removed from It, 
and weakest when the secondary coil has approached as close as poa- 
Bible; that is, when the coil distance = 0. Wc strengthen it, there- 
fore, by removing the secondary coil, or^bettcr and more eiaotly — 
by the insertion of the iron core which had been removed (see page 
28, footnote). 
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^^nom the same biudiiig-poste which befoi'e traosmitted 
the coostaot current, dow coDdnct the indaced current, 
always provided that the rheostat is uot at 0, becanae 
then uo cnrrent will rea^-h the body. We can, there- 

^pfore, if we wish to increase the sti-eugth of tlie fai'adic 
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body : by plwlng It >l ;S. 
lETlnn Ibem at C.S. both 



■ent, by moving the cnrrent- eh anger, accomplish it 
a two ways : either we fix npon any deaired coil distance 
(CD.), and then, as in the galvanic current, gradually 
turn the handle of the rheostat to the right, allowing 

e and more of the current to pass through tbe body ; 



ELECTRO-DIA GNOSIS 



^- and 

^1 vano 

^L and 



or — and this is the more convenient way — we exclade '.he 
rheostat altogether by turning the handle completely 
arouDd the clock -dial device to ita uou -resistance point, 
so that now the entire current of the faradic apparatus 
can immediately rea<'ii the body, and we regulate the 
strength of this current by moving the secondary coll 
over tlie primary. The sti-eugth of the faradic current 
employed each time may then be read f ixini the graduated 
scale, as mentioned, in centimeters or millimeters CD. 
We must, therefore, through the medium of the current- 
changer, if we wish to transmit the faradic current from 
tbesame pair of binding-posts of the galvanic apparatus, 
employ the following manipulations: (l)Turn theehaug- 
iug-handle from Cto S. (2) Exclude the rheostat (direct 
couuection) by turning the handle to the last contact- 
point. (3) Plug the bloct and regulate the current 
strength by moving the coils. 

The contact-point, OS, of the current-changer makes 
possible the simultaneous transmission of the faradic 
and galvanic (eombine<l) curreuts from tbe same pair 
of binding -posts. A more detailed explanation will be 
found in the discussion of therapeutics (compare also 
Fig. 44). 

Once more weshall have to turn to Ohm's law: C. =-^ 

We must always be able accurately to determine the 
current strength of the galvanic current in the body, 
and this we do when we i-ead it directly from the gal- 
vanometer ; but it is not so necessary foi' our diagnostic 
and tbei-apeutic purposes to know the strength of the 
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corrent present in the body. Above all, we wish to 
know how great is the effect which the current exerts, in 
a concrete case, on a given part of the body ; that is (in 
diagnosis) the stimulating power on the excitation-point 
of a muscle, or (in therapeutics) the healing effect, €.g.y 
the effect needed to reduce the excitability of a painful 
point, etc This action evidently does not depend upon 
the current strength alone, but upon the concentration, 
i,e.y the density, with which a current of given strength 
reaches the desired point. Suppose, by way of example, 
a certain current strength of 3 ma., passing through the iMAmeteror 

Electrode 

body in such a manner that it passes two plate-like elec- 
trodes of 100 sq. cm. diameter ; one of these electrodes 
may be placed on the sternum and the other on the ball 
of the thumb of the hand, the muscles of which we wish 
to examine. Now the galvanic current has the known 
property, in favorable electrical conducting media, to 
expand. We may imagine it to be composed of parallel 
current threads. These threads lie very close to each 
other in the metallic connecting-arc of the cell of the 
battery. In the broad electrodes, in which they equally 
gain space, they spread themselves in all directions. 
Since the area of the electrodes of 100 sq. cm. is much 
greater than the area of the ball of the thumb, there- 
fore from (hyx>othetical) current threads only a greater 
or less fraction reaches the excitation-point of the 
selected muscle of the ball of the thumb. Again, if we 
leave the large plate electrode on the sternum, and apply 
an electrode of very small area, e.g., one of 3 sq. cm., 
on the ball of the thumb, then all or nearly all of the 
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t;urr«iit thnadH will roach the excitation point of the 
iuiim;1i!. Till! (.'(Tect which Huch an equally conceDtrated 
(Mirreiit exerts, in the laRt-iueutiODed case, on the selected 
iiiuncIr will naturally be disproportiouately greater than 
llie (^ITect of tlie appticiitiou uf the large plate in the first 
Hxaniple, fle«))lte that in hotli cases the current strength 
wiiH the Buinc, .'1 luu. Tbtm the effect of a current, its 
stluiulating effect on a miiHcle or nerve, like every other 
I'llVct does not depend upon the current strength alone, 
but upon the density as well. This density (D.) wilt 
U' K''<^t**''. niei'li paribus, tJie greater is the current 
Hlivngtli, 1. It will also lU^pend, as we have just seen, 
npon 11 set-otid Hictor. namely, upon the size of the diam- 
eter of the connecting- are, that is, the electrode diameter, 
Dla. The greater this diameter, the smaller it will be, and 

vice Yeraa. D. = iv!' , the density is eqnal to the cnr- 

reut Inten^ty divided by the diameter. Since for ns the 
density, as has been said, is the expression of tlie effect 
of ttie ourrent, we most in every case reoognixe and de- 
tenuiue it. I^is caloolation is very simple, for we can 
rewl I. directly fhtm the gal^'aotuaeter. and read the 
diameter expressed in square oentiiueteis on the handle 
of «a«h rtsettode. 



CHAPTER II 

THE LAWS OP CONTRACTION AND OTHER 

INTRODUCTORY PHYSIOLOGICAL 

OBSERVATIONS 

The physiological facts which are shortly to be dis- 
cnssed depend upon the galvanic current alone. 

As has been stated already, when a galvanic current 
of a certain strength reaches a muscle, it acts as a stimu- 
lant to this muscle, and the muscle contracts. This is 
direct muscle stimulation. 

When a galvanic current of a given strength reaches ^"^21mo 
a motor nerve, it stimulates the latter as well, for the 
muscles supplied by this nerve contract. This is in- 
direct muscle stimulation. 

This contraction of the muscle or muscles usually* 
does not continue during the entire duration of the cur- 
rent passage through the muscle or nerve ; it occurs only : 

1. When the current enters (current closing). 

2. When the current is withdrawn (current opening). 

3. When the current is suddenly strengthened. 

4. When the current is suddenly weakened. '^ 

5. When the current direction is suddenly reversed 
(current reversing). 

In a word, the stimulation of the muscle or of the 
nerve occurs only with current manipulations. In the 

* For exception, see page 42. 
8 88 
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law named after him, Dubois-Eeymond has formulated 
this as follows: 

It is not the obHo^ute fitreTtffth of the current, at any given 
moment, that slimuUiteK the muscte or ntotor nerve, btU tAe 
varialioa in its ^rength. The greater aud the more sud- 
den these changes are, the greater ia their stimulating 
power. They are usually greatest duriug the opening 
and closing of the current. 

Ezperimenta on animals have shown: 

(1) That the different current manipulations work in 
different ways, that is, closing the current has a different 
effect from opening it; (2) that weak currents have not 
the same effect an strong ones; and (3) that the directioa 
in which the current flows through the motor nerve and 
reaches the muscle makes a great difference iu the stima- 
lative effect— a matter of chief importjince, 

Pfliiger has instituted investigations on animals and 
has formulated these investigations in the contraction 
law which has been named after him, 

Allho this law holds abaohit^ly true noly for cxperimentB o: 
nuls, and thus can not be transferred outright to human condltloni. 
Still It will be discussed here, first. l>ecause by means of It w 
more easily understand the conditions of human contraction, aod 
•ecoDi], because later, in electro-therapeutics, we must return to 
the results discovered by PflQger and other later physiologlail la- 
vesMgatora. 

Pflnger examined the uncovered ischiadic nerre and Its associated 
gastrocnemius muscle, applying the two electrodes of a galraolc 
liattery to the two ends of the nerve in two different ways. Pitst, 
the anode (An.) was placed on the central nerve end, the liathode 
(Ka. ) on the peripheral , the current therefore Sons from the An. 
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to Ka. In Uie direction of Uie iDDurraling desceadlng current ( I ). 
Second, the arrangement was reversed: An, at the peripheral 
end, Ka. at the central end ; the current therefore flows (from Ad. 
tt> Ka..) against the innervating ascendiug current <|). In both 
of theae current directions there should be tried the effect of clo- 
■iug (CI.) and the effect of opening (O.) the current. Because It 
was further found tliat the effect of the current varied according to 
the current strengtli. all the iniihincea mentioned were tried with 
three degrees of current streoglh: current slrengili i. (weah), cur- 
rent atreogth it (medium), and current strength iii. (strong). PflQger, 




to this inveatlgatlon, therefore Iftid stnesa on the three following 
lacta: (1) the current direction, (3) the liind of current muilpula- 
ttoDS (closing or opening), and (3) the current strength. 

Expressed in formulce and words, in wliich -|- always = contrac- 
tion, and — no contraction. PflQger's law, which is based on his 
experiments, Is as follows: 

I ^ With wcaic current, contraction occurs with the asceod- 
i. CL-f— )- ing as well as with the descending current, only at the 

O. closing. 
11. Cl.+-f With medium current, contraction occurs as well with 
0.++ the ascending as with the descending current, at closing 
and opening. 
Hi. CI. -J- With strong current, contraction occurs with the de- 
0.0+ acending current direction floly at closing, and with the 
ascending only at opening. 
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Tlic cxplanatioo of these discoveries was given after later iovestl- 
gntioJiB in tbe following way: 

1. During the time that tbe g&lvanit current affects a neire, there 
opcun) ail internal ctiange in the condition of tlic ncire. namely. 
Its exnitability changes, so that In the vicinity of tbe kalbode (Ea.) 
there is a condition of increased, and in the vicintly of Uie anode 
(An,) a mndltion of decreased, excitability. We call this change of 
excittLbllity electrotonus — tbe iocressed excitabilltj at the Ea. hatb- 
electrotonus. and the decreased eidtability at tbe An., anelcctro- 
lonus. Tbe stronger the influencing current, the stronger will be 
these differences in excitability. This lasts tbe entire time during 
which tbe current flows through the nerve. 

2. The katbelcctrutonus, which occurs at the closing of the cur- 
rent (and witli very rapid increase in strength), acts as a contractloD 
■timulation on tbe nerves and on the associated muscle at tbe point 
where fl occurs, tliat Is, at tbe Ea. Therefore a coutraciion occurs 
at every circuit closing, with ascending or descending currents, 
of any current strength (the exception for ascending currents of 
strength iii. will soon t>o explained). 

8. With every current opening there occurs in the nerve a sud- 
den reversal — negative tnodiOcatlon — of the eleclrotooic (excitation) 
Gundltiou, tliat is, the anetectrotouus disappears with every opening 
at the anode (An.), and a very transitory condition of increased ex- 
citability occurs there, while, on the contrary, at the kathode (Ea.) 
there is a short condition of decreased excitability. This disappear- 
ance of the aneleclrotoBus and the negative modification likewise 
act as a contraction stimulant, but not nearly so strongly as the 
kathclectrotonus. With weak currenis (strength i.) the strength of 
this phenomenon is not sufficient to cause a contraction; therefore 
at tlio opening of tbe current (strength i.) we see no contraction oc- 
cur. It Is different with current strength ii., where at every open- 
ing, OS well with tbe ascending as with tbe descending current, the 
stimulation of the disappearing and tbe reversed anelectrotonua 
causes a contraction. 

4. With current of strength ill. (strong currents) the condttlona 
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diifer only quantitatively from the above. In that case the electro- 
tonic difterences of excitability are so great that, while an extraor- 
dinarily great excitation is produced at the kathode, the excita- 
tion at the anode is practically extinguished. The point at the 
anode (An.) becomes almost entirely inexci table and non-conducting 
with these strong currents. 

If we think of Fig. 18 modified in such a manner that the electro- 
tonic changes are indicated by curves (see Fig. 14), the increased ex- 
citability at the Ea. by a liigh curve above the line, the decreased 





110.14. 

excitability at the An. by the lower curve under the line, we can at 
once perceive from the figure the explanation for the third part of 
PflQger's law. 

With the closing of the descending current there occurs a stimu- 
lating effect at the Ea. (forcible contraction) ; with the opening a 
stimulating effect at the An., but before the stimulation reaches the 
muscle it must pass a point at the Eia., wliich, because of its very 
strong negative modification, has become inexcitable; it can not 
conduct the stimulation, and therefore no contraction can occur. 
With the ascending current the case is reversed, as is easily seen 
from the figure. Hence with it no contraction takes place at the 
closing, but a strong one at the opening. 

Pfloger's law can not be applied to the human body 
without modification (as was stated above) for several 
reasons^ one of which may be presented here (after Erb). 
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Since, with the himiaii bcug, the poles can not be 
placed on the naked nerve, the nerve itself, the current 
travels from pole to pole, not through the nerve, bat 
first through the skin, and the human nerve is reached 
by current streamera only (see Fig, 15), which are 
formed because the current tries to distribute itself in 
the well -conducting tissues of the subcutaneous stratum 
or in the interposed layer of muscular tissue, etc. Thus 
currents going in different directions strike the nerve at 




different points, so that we no longer have ascending 
and descending currents, such as play a part in Pfluger's 



Because of these and other reasons, which need not 
be mentioned (see Chapter IV. on the "Reaction of De- 
■ generation "), a direct application of animal law to the 
human body is not possible. Still a certain conformity 
to the law is present in the reaction of human nerves and 
muscles to the galvanic current, and here ugain arise the 
different effects which occur at closing and opening as 
well as with different strengths. 

To these two factors — namely, (1 ) the kind of manipu- 
lation (closing or opening), (2) the current strength (the 
current direction, as was said, is not taken into consid- 
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eration in the human subject) — there is added a third nw Law of 
factor which has proved itself significant from Pfliiger's on^unlcttiity 
law, namely, the different effects of the poles. 

In order to see how a given pole, An. or Ka., affects a 
nerve or mnsde, it is necessary to make a very particu- 
lar and special method of investigation. 

It is clear, a priori, that it is theoretically impossible to have only 
one pole of the galvanic current on a muscle or nerve ; in every ar- 
rangement the other pole (however distant) always produces an 
effect, even tho often only a weak one. The significance of the 
special arrangement which is to be discussed must be taken eum 
grano mlis, and the results attained with it are to be considered only 
as sufficiently exact for practical use. 

It consists in choosing two electrodes of very different 
diameters, e.g., one of 100 sq. cm., the other of 3 sq. cm. 
Then the concentration at the small electrode, and there- 
fore also the stimulating power of the small electrode, 
will be very great, and the concentration and stimulating 
power of the larger plate will be so very small that prac- 
tically it may be left entirely out of consideration. 
Especially will this be the case if the small electrode is 
applied directly over the muscle to be examined, e.g., 
the upper part of the cucullaris muscle, while the large 
plate is applied at a distant point, as, e.g., on the ster- 
num. In such an arrangement we call the large plate 
the indifferent electrode, because its stimulating effect 
on the muscle in question is practically insignificant ; the 
small plate which is placed over the muscle itself we call 
the different or exciting electrode. 

If we arrange the electrodes so that we apply the small 
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electrode over any muscle or motor nerve, and — most, 
conveniently by means of the curreut revei-aer — change 
this exciting electrode now to the Ka., now to the An., 
we can in a certain measui'e examine the muscle with 
only one pole (monopolar examination). Then we can 
test the effect of the galvanic current with the positive 
and the negative pole separately. 

In order to t*st the effect of different current strengths, 
we may easily regulate the current strength of the gal- 
vanic apparatus by means of the cell collector and the 
rheostat (and read it from the galvanometer). 
The iniemipwr Finally, in order to determine in a simple manner the 

t separate effect of closing and opening, we use a small 
ar 
el< 
th 
efl 
m< 
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arrangement which is attached to the handle of many 
electrodes — the so-called interrupter. With the help of 
this interrupting electrade, closing and opening can Tte 
effected at any time with the electrode stationary, by 
means of a simple pressure of the hnger. 

Meyer's interrupting otectrodo (sec Fig, 16) tins, between tlie con- 
necting-Bcrcw and the sleclrode surface, a uon-conduetiug hard-rub- 
ber plate. At the side of the electrode we And a metal lever, wliich 
may be lifted by pressure on a small spring, and whicti on release 
of the pressure falls back. If wc press ttie spring down with the 
thumb and thus lift the metal lever, do current can reach the sur- 
face of the electrode through the non-conducting rubber; the circuit 
is open. If the thumb is lifted from the spring, then the lever 
touches the electrode handle between the electrode surface and the 
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nibber plate, and now the current can reach the surface of the elec- 
trode by going around the rubber plate through the metal lever ; 
then the circuit is closed. Thus, without having to remove the 
electrode from the point at which it is applied, by thumb pressure 
and release of pressure we can produce circuit closing and opening.* 

To test the human polar contraction law, we apply a Testof lawof 

Humaii 

large moistened electrode plate on the sternum ; a small contncttbuity 
one, 3 sq. cm. in diameter, also moistened and provided 
with an interrupter, we apply closely to any motor nerve 
or muscle of the body, e.g., to the upper portion of the 
cucuUaris muscle ; include a desired number of galvanic 
cells (twenty or thirty or some such number), gradually 
strengthening the galvanic current by means of the 
rheostat ; and open and close the circuit with the inter- 
rupter. Then we shall notice the following, which may 
be presented in the table below, expressed in a manner 
analogous to Pfltiger's formula. 

An. Ea. With weak currents a muscle contraction 

CI. — C. occurs only when the exciting electrode is the 
L Ea., and only at the instant of the closing. Dur- 

O. — — ing the passage of the current no contraction is 
noticeable ; nor is there at the opening or when the exciting elec- 
trode is the An. We express this briefly thus : With weak current 
there occurs only a small kathodal closing contraction (Ea.Cl.C). 
An. Ea. With stronger, about medium-strength cur- 

Cl. C. C. rents, the closing contraction with the negative 
n. as exciting electrode, the Ea.Cl.C. becomes 

O. C. — greater; but now contraction occurs also when 
the An. is the exciting electrode, and as well at the closing as at the 

* We can also close and open the circuit by means of the current- 
reverfler (see page 21); with the faradic current also (but poorly) by 
lifting and replacing the electrode. 
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I. Ab<1-C ^ a* BMdil Ufa 

kii.O.C. Ob Ike cOcr knd, wc ■• as coa^KlMa at tte 

[, wlU Um Kb. M e»MBg dkKtt««&* 

Ijk. R^ Oalj villi Krons cvnU^ Is wUeA the Aa.CLa 

U. C Te- sad tbe AnO.C- Imtc be u iMe quite grtM, moA • 

IIJ- very atrung e w i ttart ioB oocars with Ek.Ci. whfch 

U. C. C. oootfanH taMBksUr dnriag m pvt or tbe euln 

Uow wf the Cfacvb ckriog-^uUiodkl clorisg teUay. Kk.CLTe. 

Tbto te an MMpOtB l» Dabeto-R^nwnd'B bw— bowcT«r, wlih cur- 

rutto of Kifikt KlrcDgtli we can ofus daDOasbaUe ■ sinaU Ek.O.C. 

Briefly KumitiM up, tlien, tbe haman cODtiactioD law:^ 
niprowHMl ill l\ui almve abbreviations, would read as fol- 
Iowh; 

I. Ka.Cl,C. 
II. Ka,Cl.C., An.Cl.C., An.O.C. 
III. KikCLTe., An.Cl.C., An-O.C, Ka.a.0. 

In normal mtuole and nerres contmctiottB occnr first 
at t>be olosing of tbe Icatbode, later auodal contractions, 
And last of all kntbodal opening contractions; or, as we 
may aay in short, disregarding the Ea.O,C. as pnioti- 
nally instgnlfloant — the Ka.Cl.C. is normally greater 
than tbo anodal contraction (both oaosed by the same 
current BU«ogth).t 

The BiiooeBsion in which Uie separate faotors of excita- 
tion (01 and O.) ooonr, with changing current strength 
and changing polos, being thns determlDed by tlie oon- 
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tauction law, we have still to consider the form of the 
galyanic contractioiL In stimulation of a nerve (indi- 
rect stimulation) with the constant current, the normal 
muscle contracts with lightning-like rapidity. • The con- 
traction occurs promptly at the instant of closing or 
opening, and ceases promptly immediately after it; the 
muscle relaxes at once.^ 

At the same time it is immaterial how long the circuit 
remains dosed. However, with very strong currents, as 
is shown in the contraction law, there occurs at the Ka. Gl. 
a kind of tetany, that is, continued contraction, which 
continues for some time or during the entire circuit clo- 
sing. With currents of ordinary strength the muscle 
remains relaxed under the continued application of the 
current. The contraction in direct stimulation of the 
muscles has the same foruLf 

The rapidity of the contraction is an uncommonly im- 
portant sign of the normal nutritive condition of a mus- 
cle. Later, in speaking of the reaction of degeneration, 
we shall recur to this. 

One point, however, shoald be noted here: Variation in the ra- 
pidity of contraction occurs even within the limits of the normal. 

* Here it may be remarked incidentally that the time between the 
electrical stimulation and reaction in pathological cases is found to 
vary. 2Sanietowski has demonstrated deviations from the normal 
''conducting rapidity " by means of his "electroneuramobomcter." 

t That which we call direct stimulation in practise is de facto a 
stimulation of the small nerve branch found in the muscle which it 
supplies, so that it is really an indirect stimulation also. Only for 
the sake of brevity will the former inexact expression be retained. 
The muscle substance itself is also excitable; Uie tardy contraction 
in the reaction of degeneration is probably the result of an excitation 
of the subttance of the muscle. 
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The larger or more massive a muscle is, Ihe more ii ia stretched or 
cootracted or the greater the point U that it has lo move; in short, 
the greater the weight which it lias to work against, the less rapid 
frequently U the contraction form. E.g., in the smail muscles of 
the face, a contraction generally seems much more lightning-like 
tlian in the peroncus longus muscle i and in the quadriceps fcmoria 
muscle, again, the contraction is usually more prompt when the leg 
is lying Bat on a support than wbeo it hangs down bent at the 
knee. In children during the first weeks of life the pathological 
galvanic contraction is often very tardy. According to my experi- 
ence, the normal contracUon is often remarkably glow in the small 
foot muscles (extensor digitorum communis brcvia muscle, extensor 
hallucia longus muscle). It is necessary to discover these differ- 
ences, and also other individual differences in many pereons, la 
order not to jump at false conclusions in pathological cases. 

With the faradic current, for the reason given above 
(page 27), in practise we use both poles, usually without 
making a distinction ; therefore we can hardly speak o£ 
a polar contraction law. 

But since, as has been explained above (pages 37 and 38, footnote), 
as a matter of fact, the amount of the circuit openings of the in- 
duced current I'cally concerns us, and we can actually distinguish 
An. and Ka-.aod can also show that most muscles react with faradic 
fcatbodal stimulation with weaker currents than with anodal stimu- 
lation. We can often observe, In the case of muscles that lie 
in several layers over each other, that the muscles of one layer [e.g., 
the upper) will answer the faradic Ka., the muscles of another {e.g., 
the under) the faradic An, We find this frequently on the extensor 
tide of the forearm, e.g. , in the extensor carpi radialls longus mut- 
cle and the supinator brcvis muscle. Even in more extended mua- 
cles we oflen Bee that other muscle bundles contract with anodal 
stimulation than with kathodal (the same thing occurs in galvanic 
Btlmulatiou), and that in nerve stimulation different muscles answer 
the An. and the Ea. 
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The faradic contraction is tetanic, that is, if we apply 
the exciting electrode to the muscle (or nerve) and close 
the circnit, there occurs a forcible contraction of the 
muscles, which continues as long as the circuit is closed ; 
at the instant of opening the muscle relaxes back to 
rest 

Since the secondary induction current consists of a number of sin- 
gle, momentary galvanic currents following each other in rapid suc- 
oeaion, the muscle responds to each of these momentary currents 
with lightning-like contraction; and since these currents appear and 
disappear with great rapidity, and the current fluctuation is very 
great, and consequently by its excitation effect on the muscle the 
muscle contraction is very forcible — the momentary single currents 
follow each other so quickly that before the contraction caused by 
the first has ceased the next begins. Thus the single excitations 
accumulate and the contraction appears as tetanic. 

Altho so far the qualitative side of the galvanic and The Minimal 
faradic muscle contraction has been the sole subject of ^c,^^° "^ 
discussion, now the question as to the quantitative factor 
of the contraction presents itself: With what current 
strength does the contraction of a normal muscle first 
occur t The current strength with which the first just 
perceptible contraction, the minimal contraction, occurs, 
is different in different muscles and nerves of the body 
and even at different points of the same muscle or ner\'e ; 
moreover, it changes extraordinarily in different indi- 
viduals and probably even in the same individual at 
different times, within the limits of the normal. This is 
true of the minimal conti*action caused by the galvanic 
as well as of that caused by the faradic current. 
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The minimal contractloD is. Id general, oar measure 
for the electrical excitability of the nerve or muscle.* 

The weakei' the current which can produce it, the 
more excitable is a muscle or nerve; the stronger the 
current strength which is necessary to produce the mini- 
mal contraction, the less is the excitability of the mus- 
cle or nerve in question. We meaHure the strength of the 
galvanic current necessary to produce the minimal con- 
traction always by means of the gah'anometer and read 
it in milliampfires. The strength, or, more correctly, 
the electromotor forc« (see page 26), of the faradic current 
which is necessary to produce it, is measured on the scale 
of the secondary spiral, and is expressed in miilimeters 
of coil distance. 

We must always Temember that only the measure for the galvanic 
current is au ubwlute one, always aud everywhere comperuble, and 
that the faradic measure lias only a relatlTe value, depending upon 
the apparatus used and upon Its coadltion at the time (see page S6). 

Since the excitability of the muscle and nerve is so 
very changeable, we cau not give a fixed measure which 
will hold true in all cases, for that which in the contrac- 
tion law we have designated as "weak," "medium," or 
"strong" currents are relative values which correspond 
to quite different current strengths in the different moB- 
cleB aud nerves (see following chapter). 

' It is not always so. Despite normol excitability, the occurrence 
of the nilalmal contraction may become very dliScuU aa well by 
reason of the deep position of a nerve or muscle (anatomical varia- 
tion) as by pathological overlying (edema, Lbickcning of subcutane- 
ous tissue, etc.). For further explanation, Bee in the fuurtli chapter 
sub-head of " Diminutioss of Excitability." 
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TBE LAWS OF CONTRACTION 

The maimer in which we determine the excitability, i 
e., the rpininml coDtractiOD, ia a coocrete case in the 
varioos muscles and nen'es to be laveatigated will be 
discossed in the nest chapter. Here we shall say only 
this much. If we wish to know if a muscle or nerve 
has normal excitability, we have two possible ways to 
determine this: (1) If it is a question of muscles or 
nerves of one side of the body (supposedly diseased) 
that we wish to test for their excitability, we have the 
possibility of comparing them with the symmetrical moa- 
cles or nerves of the healthy side of the body. (2) If, 
however, we suspect an affection of both sides, we must 
employ a different method to determine whether the dis- 
eased miuimal contraction occurs with a current of nor- 
mal strength or not — namely, the comparisuu with other 
individuala * 

^intzing has followed this method in examining moat 
of the muscles and ner^'es of the body in a lai^e number 
of healthy persons with a view to their excitability; 
from the results obtained he took the averse strength 
of the minimal contractions and arranged them in tables. 
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■AJiotbet tnelliod was formerly pursued bj Brb: Id doubtful 
cue* of doubk'Stiled lesiona. be suggested compariog i\xe suspected 
DCtve wlUi other nerres of the same Individual, because he bad dis- 
covered that Id the same person the diSerent nerves show a certain 
eonataat relation in regard to their excitability. (He based hia 
pKMntalioDS principally on the ramus frontalis of the facial nerve, 
tnd 00 the accessory, theulnar. and tbeperoneusuerves.) The nerve, 
whoK excitability showed a variation from this common relative ex- 
citability, was considered to be diseased. It is clear that this method 
i* applicable to only a limited number of diseases, and even then U 
ntber Inconvenient, 
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These tables give iia the average values, the normal con- 
ditions of excitability of almost all the muscles and nerves 
of the body, and by comparison vith these tables we are 
able to deteraiiDe whether any discovered excitability is 
normal or not. 

This sentence, to be sure, needs a limitation: (1) Stint- 
zing's values of faradic excitability can not be used out- 
right for purposes of comparison, since they are ex- 
pressed in millimeters coil distance, i.r., not by ao 
absolute measure, and therefore hold true only for Stint- 
zing's apparatus at the time of his investigation. 
shall always have to modify first the figures of tha 
tables for our apparatus and by our own cxi>eriment& 
(2) The values of the galvanic excitability are indeed 
absolute and comparable without further change, but 
their limits ai* very wide {e.g.. jieroueus uerve, galvanic 
excitability from 0.3 to 2 ma.). Therefore it would be 
possible, if we found that the pei-oneHS nerve in a per- 
son reacts to 1.75 ma. on both sides, that this might 
lie within the limits of the normal ; or that, on tlie other 
hand, it might indicate a considerable diminution of ex' 
citability, e.g., if the peroneus in question formerly had 
its minimal contraction at 0.2 ma. (.3) The values 
found in children in the fii-st weeks of life for both cur- 
rents usually exceed considerably Stiut^iug's maximum 
values (C. Westphal and A. Westphal). Stlntzing's 
tables are therefore of use — to sum up what has been 
said— first, for the galvanic current in decided changes 
of excitability (in slighter changes only with the great- 
est caution); second, for the faradic current only after 
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the conversion of Stintzing^s valoes into values for our 
own faradic apparatus; third, only for adults or for 
children after the first months of life. 
Two of these tables follow here (after Stintzing) : 

Galtakic Scale of Nerve Excitabiijtt. 



Aoconttmr to tbe lower 
UmtdnfT mlues. 



AcconUnc to tbe higtier 
Hmlttng valaea. 



1. Mlia.Klut.X.. 0.05 1. 

2. Accessory N. .1 

3. Ulnar N., I.. .2 

4. Peron. N 2 

5. Median N... .3 

6. CroralN 4 

7. TiWalN 4 

a Mental R 5 

9. UlnarN..U. .6 

10 Zygomat. R. .8 

11. F^ntal R. . . .9 

12. Radial N 1 

13. Fkcial N.... 1.0 



2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 



Muse. -cut. N 
Accessory N. 
Ulnar N., I . . 

Mental R 

Median N 

Crural N 

Pteron. N 

Zygom. R 

Frontal R... 

Tibial N 

FacialN 

Ulnar N., II., 
Radial N 



0.28 
.44 
.9 

1.4 

1.5 

1.7 

2.0 

2.0 

20 

2.5 

2.5 

2.6 

2.7 



1. Muse. -cut. N. 0.17 

2. Accessory N. . .27 

3. Ulnar N., I... .55 

4. Median N 9 

5. Mental R 95 

6. Crural N 1.05 

7. Peron. N 1.1 

8. Zygom. N. . . . 1.4 
9 Frontal N . . . 1.45 

10. Tibial N 1.45 

11. Ulnar N., II.. l.« 

12. Facial N 1.75 

13. Radial N .... 1.8 



Faradic Scale of Nerve Excitabilitt. 



Aceordlmc to tbe lower 
limltliig Tsloes. 


According to tbe biffber 
Umitlng values. 


AvenMre. 


1. Accessory N. 145 

2. Muse. -cut. N. 145 
a Mental R .... 140 

4. Ulnar N.. I.. 140 

5. Frontal R.... 137 
S. Zygomat. R.. 135 

7. Median N. . . . 135 

8. F^<^1N 132 

9. Ulnar N.. II.. 130 


1. 
2. . 
3.. 

4. . 

5. . 
6.. 
7. 

8. . 

9. . 
10. . 
11. 
12. 
13. . 


130 

125 

125 

120 

120 

115 


1 

2 

3 

4 

5 

6 

7 

O* • • • « • 

9 

1?: :::::: 

12 

13 


. . . . . 137.5 

135. 

132.5 

130. 

128.5 

125. 


110 

110 

107 


122.5 

121. 

118.5 


10. Pferon. N .... 127 

11. Crural N.... 120 

12. Tibial N 120 

1& Radial N .... 120 


103 

103 

95 

90 


115. 

111.5 

107.5 

105. 



• • •• • • 

• • m » m » 
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CHAPTER III 
THE METHOD OF rUTVESTIGATION 

When a motor nerve or muscle becomes diaeased, its 

reaction to the electric current changes under certain 

conditions, and these changes may be: 
QiiuUMire utd 1. Quantitative: The excitability of nerve or muscle is 
cbuiges not normal ; it is increased or decreased or lost. These 

changes may occur (n) with the galvanic, {b) with the 

faradic, (c) with botli currents, 

2. Qualitative: The contraction formula or the con- 
traction foi^a shows a deviation from the uormal, and 
indeed the changes in the contraction law can only con- 
ceru the galvanic current. Those of the contraction 
form, however, on the other hand, concern (o) the gal- 
vanic, (b) the faradic, (c) both currents. 

3. Quantitative and qualitative changes.* 

* The electrical reflex contractions arc Dot considered among tbe 
reactloD clmnges In the above divisioDs, because tlief are not of 
practical iinportauce. It has orten been found that In the fitJmula- 
tloD of certain niuBcles, other muscles not stimulated and remol« 
tho on the same aide of the body, contract, e.g., face muscles with 
arm stimulation, arm muscles with leg stimulatioa. In other casea 
symmetrical muscles on the other side contract (electromotor alio- 
ckiria). Also, with stimulatioa of certain parts of tbe akin, contrac, 
tiou bas been observed in muscle groups far remote, particularly la 
diseased muscles <R, Remak's" diplegia contraction." etc.). We take 
It. as has been said, that these phenomena occur as reflex action with 
the help of tbe sensation patks. (See Chapter IV., "Reaction of 
Degeneration.") 
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It is neoessary, then, in all i>athological conditioiis in compuiaoD of 
which there occur suspicions of alteration to the electrical 
reaction to determine the latter exactly and to compare 
it with the normal reaction, in order to determine if any- 
thing pathological is present and what it actually is. 
Therefore we must in such cases determine: 

1. Quantitatiye: The excitability (expressed by the 
amount of the minimal contraction) of the diseased 
nerve or muscle, both for the galvanic and for the f ara- 
dic current. 

2. Qualitative: (a) The retention or non-retention of 
the normal contraction formula for the galvanic current; 
(6) the contraction form for both kinds of current. 

All the obtained results must be compared with those 
that are found in the corresponding normal nerve or 
muscle, that is — as was discussed in the preceding chap- 
ter (page 48) — either in the case of one-sided affections 
with the corresponding nerve or muscle of the other 
healthy half of the body, or with the analogous nerve or 
muscle of a large number of other healthy individuals. 
Above all, they should be comx)ared with the ^^ Stintzing's 
table of electro-diagnostic limits and average values. '^ 

The quantitative excitability of a muscle is not the point of creautst 
same at all places on its surface ; it is normally usually ^ci^wiuy 
greatest at the point where the motor nerve branches 
into the muscle, that is, at the point nearest the surface 
(the most excitable x>oint), and it decreases the farther we 
recede from this x>oint (as has been said already on page 
43. footnote). It is, in reality, a stimulation of the 
intramuscular nerve branches. 
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'Vb» ututtl excitable poiuts of the uerve-tranks are ttie 
^klaoes at vhU^h thew trunks lie nearest to the surface of 
tikv boUy. 

When we eompare a suspected muscle or uerve with a 
healthy oue, to achieve reliable results we compare its 
most excitable points with each other. The poBition of 
theae poiuta we must therefore know exactly for electro- 
diaguosis, and also to practise exact tbempeulics; so 
seheniatic plates have been made in which these points 
ore indicated on the projected surface of the humau 
body. The study of these plates alone does not suffice, 
however, for practise, because, in the first place, there 
are almost as many variations in the normal anatomical 
variation (in relation to position of the muscles, construc- 
tion of the skiu aud the skeleton, greater or lesser devel- 
opment of this or that muscle, etc.) as there are individ- 
uals. In the caAe of every such variation the plate 
leavesus iuthelurch. Secondly, in certain pathological 
cases the most excitable point of the muscle changes its 
position, so that the muscle in question can not be stimn- 
lated electrically at the point indicated in the scheme, 
but at another point in course of the muscle. Thirdly, 
where the muscles overlie each other in sevei-al layers, 
e.g., at the extensor side of the forearm, as the result of 
atrophy those of the upper layer may disappear and 
the underlying come to the surface. Then when we 
stimulate electrically that point of the atrophied muscle 
indicated in the scheme as the excitable point, we see a 
contraction to be sure, but it is of an entirely different 
muscle. In such a case the plate may mislead us. 
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To avoid all these sources of error, it is necessary in a b c of 
order to supplement the plate scheme, which is always 
useful as a starting-point: (1) To recall the anatomical 
course of the muscle and motor nerv^es; (2) to know 
particularly the function of the individual muscles. 
Then we shall clearly understand the nature and the 
source of an observed contraction even in the most 
anomalous case. 

The search for the most excitable muscle and nerve 
points, which comprises the A B C of all electro-diagno- 
sis, and in which an abundant practical exercise is ab- 
solutely necessary for the beginner, is carried out in the 
following way: 

The investigating physician sits or stands in front of 
the patient in such a manner that the light falls on the 
part- to be examined and on the electrical apparatus (par- 
ticularly the galvanometer). Good light is the first re- 
quirement. We must also arrange that the head or the 
arm of the physician or the electrode handle does not 

General Rulei 

shadow the part to be investigated. Observation of the Eiectro-DiaffD 
minimal contraction is often difficult even in a bright 
light, so preferably let the physician as well as the pa- 
tient sit during the investigation. An examination of 
the leg is most conveniently carried on with the limb 
stretched out on a sofa or bench or on two chairs placed 
together, while the physician sits at the side. To exam- 
ine the posterior side of the lower extremity, we must 
require the patient to lie on the stomach, or when this 
is impossible, let him lie on two chairs; he must turn 
over so that he lies entirely on the side not to be exam- 
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(iK'il. Ttiit Iniiik miiHcloi may bo invcatigated with the 
pnllciilHlnnilliif;. 

'Ilio tiiuw'lt« U) bo tried inoBt not be rigid. We ahould 
aIrii itrniiiKf* tliut thu position of the body — as just now 
liiiM Ih'<>ii nl>w>rv(><l regarding the leg — makes a relaxed 
I'tiiidltioH t»»>!«ibIo. \\> must iT>quire the patient, as 
ihwu iv* W! <>tiwm> lh«t the muscle to be examined con- 
trseld, fmm timo to tim<« "to rvJas," and not to hold 
hiiMM^lf rij^il. This rigidilj' occurs i» consequence of a 
tvrlAin ft'a-lt'onuxlmv« of the pMients, vho first mnst 
h«rn how to ivliu. Not only hj-sterical or neurasthen- 
h> Nnt fttsrt ho»lth,v pe<iple often do not know how to 
livt*v «n arm. We can often accomplish this reaction 
WrtW WIMI.V by placing the arm, heiid, or other part on 
« rw«ti oir *>y supporting it with the hand of the physi- 
irtfcift, w by diverting the attention by counting, etc, 

TV ph>-«cian should be careful, in Hupportiug tbe 
fmrl lo bo examined, not to cover it with his own thumb 
Kvr hi hold it in such a way that he can not properly ob- 
W'r\-e I he expected effect on muscle or nerve. (In the 
iCaMKi in which the rigidity may be tra(!ed to pathological 
»i>nrre« — that is, for example, to contractionB — certain 
.small manipulations are necessary.) 

Apply the electrodes moistened. We place an indiffer- 
ent large plate (see Fig. 30) either on the stemom or on 
the nape of the neck or on the sacrum. We should dur- 
ing an investigation never place the indifferent elec- 
trode in the hand of the patient, because this makes all 
exactness impossible. Only in cases of neceseity ahould 
we place the indifferent electrode on the nape of the neck 



TEE METHOD OF INVESTIGATION 56 

for diagnostic pnrposeB, because in this position daring 
the application of the galvanic current even with small 
current variations there occur other effects of this cur- 
rent (such as lightning-like flashes before the eyes, 
galvanic taste on thb tongue, dizziness, etc ), much more 
easily than when the indifferent electrode is placed on the 
sternum or on. the sacrum. Both of the last-named 
points, because of the absence of muscle, are also very 
useful as places for the indifferent electrode. In exam- 
ining the arms we should hardly select the sternum as 
the i>oint for placing the indifferent electrode, in order 
to avoid having the patient use one of his arms to apply 
the electrode. We choose an exciting electrode of small The Exciting 
surface, because thus we attain the greatest possible 
current concentration. 

In order to have a division which can be used con- 
veniently in the fraction -=-l— (which as we knowex- 

Dia. 

presses the current density which we must determine in 
each case), we may use an exciting electrode of 10 sq. 
cm. diameter (Erb's normal electrode). We may use it 
for making examinations; or, since this is too large for nohdai Eiecti 
many places — for example, on the face — we may use an 
.electrode of 3 sq. cm. diameter (Stintzing normal elec- 
trode). We apply the electrode — moistened, of course — 
squarely, not on the edge, because otherwise the diam- 
eter, and, as a consequence, the density, changes. In 
applying it the physician should always press down the 
interrupting-handle of the handle, then the inter- 
rupter is open. 
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Now turu ou the current, aud, first of all, in the search 
for the most excitable point, use the t'aradic current, 
which incidentally ib the be«t also for practise. As the 
Procedure faradic contraction is tetanic, it generally continues 
longer than the galvanic, thronghout the entire duration 
of the current closure. Since, therefore, its duration 
can be easily lengthened at the pleasure of the investi- 
gator, it will be easier in using the inductiou current to 
observe the effect exactly, aud therefore also to deter- 
mine what muscle or nerve we are examining and where 
its most excitable point lies.* 

We begin then with a weak current of the faradic ap- 
paratus, close aud oi)en the interrupter of the applied 
electrode time and again; we increase the current by 
moving the secondary over the primary spiral, until 
plainly observable contractions occur. Keep the cur- 
rent closed in the single interruption only as long as 
is absolutely necessary to see the contraction which the 
faradic current causes, and avoid thereby prolonging the 
pain which is caused by induction currents of any 
strength. Places are often particularly sensitive where 
the bone is immetliately under the skin — e.g., on the 
forehead or at the ulnar and peroneus nerves ; therefore, 
with a current at all strong, the current closing must 
be very short. We interrupt, then, the current imme- 
diately after its closing by removing pressure on the in- 
terrupting-handle. 

• Besides, the faradic current has no appreciable effect on the con- 
duction resistonce, while the galvanic current reduces it (see page 
U). Conspquenlly we get more accurate reaultB if we apply the in- 
duction current first. 
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We avoid, however, removing the exciting electrode Exduoff 
from the excitable point once we have found it. Cur- Remain* 
rent closing and opening are provided only by means of ^totioDirj 
the intermpter. The electrode should remain at this 
point until the conclusion of the entire examination; 
even moving it a millimeter or the slight raising of one 
edge of the electrode often alters the result considerably. 
In longer investigations it is well to indicate the most 
excitable point, when once we have found it, with a 
dermatographic i)encil. 

In difficult investigations it may be helpful if an as- 
sistant attends to the placing and moving of the appara- 
tus or notes the result of the investigation. Generally, 
however, one can very conveniently get along alone. 
Only it is advisable for the beginner to conduct the in- 
veetigation jointly with another, because thus the above- 
mentioned retention of the most excitable point is better 
accomplished, and because, moreover, two i)ersons can 
assist each other in determining clearly the quality and 
quantity of the muscle contraction. For the finding of 
the most excitable point, the seeing of the minimal Difflcuiues 
contraction, and the recognizing of the contraction form 
(whether lightning-like or not) are the principal, almost 
the only difficulties of practical electro-diagnosis. Do 
not press the electrode with unnecessary force upon the 
underlying parts, for if it is well moistened — either with 
warm or salt water — the pressure is usually sui)erfluous. 
Only at certain very deep-lying x)oints, e.^., with the 
Cetcial nerve or with the radial nerve in the upper arm, 
is a certain pressure necessary ; esx)ecially at the latter 




KLECTRO-MA GNOSIS 

pntnt th« clw^rndfi in liahlK to Iw thrown off through the 
fanintfWun rif th» tritwpK niuncle. 

If wn hftVH actually MM;n the proper contraction in the 
\t\iuv' wlicnv iU'«')r(Uiig to experience, the nerve or moH- 
(itp In iiiiml' ('lutlly excited, then testing, as it were, along 
Hip wiiihm' of Iht^ lunwli', wo apply the electrode open in 
M>v(tml (ilm-wi lUid luukcs one or two cloeares at each 
plnco. thiiN <>Ktviriliilnf( the entire neighborhood of the 
pitliil Hint r'nimil. I« WW if we can not perhaps get a 
ultiiiUP'ffonlnn'tlonwtUi the same current intensity. If 
lltnl <« itiii Ihn nu«<, then the point first foond is the most 
psrltnltlp. ( Wf nhiUl further discnas this later.) 

Ill tliP folhiwlng, the most excitable points of the 
hPt'VP Hiiil (hp nioHt ini[X>rtant muscles of the body will 
\if \wMv'\ Mipmalely and in the following manner: (1) 
11ltt |iliiH< will bo dettcribed at which these points mostly 
Up. MiitKover, thette places are indicated and projected 
itii Hip Khlii In Kchematic figure.s; under each schematic 
R||iiH> drawn on transparent paper — is found a plate 
piin'PH|)i Hiding with it in outline, which is intended to call 
|4> niliid thii anatomical course of the muscles and nen'es 
III ((tipntlon.* It will be ea«y to obeene the position of 
IliP mOBt oxcilable points by comparison of both plates, 
Imt n nt'Udy of the course of the muscle will especially 
iiMHlut' tho understanding of its function, which is much 
more important. Then there will be indicated (2) the 
principal function which each muscle performs, what 



• Tlicw dmwings are mide by Mr. Arthur Levio, according to 
my I'wn luRlruclionB (the underlying plates are adapted from 
Quoin nnd IIoItmBii's muBclo pictures). 



THE METHOD OF INVESTIGATION 69 

moBcleB are sapplied by each nerve, and what effect 
consequently follows from its Btimalation. Why it is 
neoeflsary to know this has been explained above (page 
52). 

Nerves and Muscles of the Face. 
(See Fig. 17 on the plate. ) 

In all investigations of the face, we hold one hand Nerresand 
against the side of the patient's face not being examined, ^^^^ 
in order to avoid movement. In examining the muscles 
around the mouth, have the mouth opened slightly. 

The trunk of the facial nerve can usually be stimulated 
at two places: 

1. In the angle between the mastoid process and the 
descending ramus of the lower jaw. We press the elec- 
trode upward as much as possible, and, as if we wished 
to touch the stylomastoid foramen itself, forward, into 
the angle, pushing it beneath the ear lobe. The effect 
is contraction of all the muscles of the face supplied by 

the facial nerve. The muscles of the top branch (the r^iiiNerf* 
frontal and the corrugator supercilii muscles) often con- 
tract only weakly or not at all in this process. The 
nerve is moderately excitable. 

2. At the tragus of the ear. There we also get often 
only an effect of the second and third branches. This 
point is not constant. 

We can stimulate separately the three branches of the 
facial. The most excitable points usually lie about in a 
perpendicular line under each other ; the middle one on 
the tuber osm zygomaUd or a little underneath; the 
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upper one just over the point where the imagined per- 
pendicular line eiita the superciliary arc; the lowest 
jnst under the point where the imagined line strikes the 
I lower border of the horizontal ramus of the lower 

jaw. 
' In atimnlating the upper branch, the froutHl nmticle 

and the corrugator supercUii conti'act; we see wrinkling 
of the forehead and the eyebrow. 

In stimulating the middle branch, contractions occur 
iu the orbicidaris oculi muscle, the zygomatic!, the mus- 
cles of the nose, the raiser of the npper lip, the orbicu- 
laris oris muscle (often also only the upper half). Effect: 
closing of the eye, laughing, turning up of the nose, and 
wrinkling of the upper lip (pouting). 

In stimulating the lower branch, contraetion occurs in 
the levator menti muscle, depressor labii inferioris mus- 
cle, and depreasor anguli niUBcle (at times also the lower 
half of the orbicularis oris). Effect: lifting of the chin, 
turning over of the under lip, and drawing of the corner 
' of the mouth downward and outward. The three 

branches are easily excitable, the first the most and the 
second the leasts 

Of single muscles that may be stimulated in the face 
there are to be mentioned : 
■ Huade The frm^Mis muscle, excitable mostly near the outer 
and upper corner of the respective half of the forehead 
near the border of the hair. Effect: transvei-se wrin- 
kling of the forehead and raising the brow. The faradic 
stimulation here is painful, so let the current closure be 
short. With the galvanic stimidation there (as also in 
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of the other facial muscles) dizziness, flashes of light, 
etc, are easily produced. 

The eormgator supercQn muscles, mostly a little in Miuckvofun 

m A-, ' M m .t « « -^iw. . Orbital Reglo 

from the nerve point of the upper branch. Effect: 
wrinkling up and down of the r^on between the eye- 
brows. We distinguish this x)oint from the neighboring 
nerve point by the fact that with the latter also a frontal 
effect is seen; that nerve point is also more excitable. 

The arlnctdaris ocuU muscle in the outer angle of the 
orbit Effect : movement of both lids toward each other. 
In x>athological cases (reaction of degeneration) the most 
excitable point of this muscle is often found on the 
under or upper lid. 

The nasal muscles, difficult — and in general unueces- n&mi Revion 
sary— to isolate, excitable toward the median line, from 
the inner comer of the eye in the vicinity of the root of 
the nose. Effect: nasal rumpling and slight lifting of 
the upi)er lip. 

The zygomatic muscles, a little to the side and under 
the former x)oint. Effect: laughing. 

The orbicularis oris muscle, excitable in two halves: Maxiiiary rc 
(a) The upper portion, about half a finger breadth above 
the red of the lip, a little to the middle from the outer 
comer of the mouth. Effect: wrinkling and pointing 
of the upper lip. (p) The under portion near to the red 
of the lip and somewhat more toward the middle than 
the upper point. Effect: wrinkling and pointing of the 
under lip. 

The mentalis muscles, or levator menti, on the chin 
near the border of the lower jaw bone and right close to 
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the median line. Effect: chin lifting and wriukling. 
The beginner is liable at this point to stimulate at tlie 
Bame time the symmetrical muscle of the other side. 

The depressor labii infertoria muscle or quadratus 
meuti, a little to the side and above the former point. 
Effect: tuniiug over of the lower lip to the outside. 
This is oft«n difficult to separate from the former or 
from tlie following innscle. 

The depresnor anffuH wis muscle, or triangularis ■meidi 
almost directly at the lower border of the horizontal 
ramus of the lower jaw. a little to the outside and below 
the former. ESect: pulliug downward and outward of 
the under lip. This muscle lies in the vieiuity of the 
nerve point for the third facial brauch. The effect of 
the latter we can usually distinguish from that of the 
muscle, without mentioning that the uer\'e is usually 
more excitable, because by stimulation of the nerve 
branch the mentalis muscle also contracts, causing eleva- 
tion and wrinkling of the chin. In pathological cases 
ve often find the poiut of this muscle far above toward 
tbe lip. 

In the face we find also two more muscles, that are 
supplied, not by the facial, but by the third branch of 
the trigeminus, namely: 

The viaaaeter muscle, about in the middle between the 
cheek-bone arch and the horizontal ramus of the lower 
jaw, considerably far to the side, about oue and one-half 
or two fingers' breadth inward from the lobe of the ear; 
and the temporal muscle, about in the middle of the 
temporal groo\'e, about equal distance from the upper 
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border of the cheek-bone arch and from the border of 
the hair, or nearer the first. These last two muscles 
effect mastication — they bring the teeth together. Both 
are mostly excited only with strong currents. In par- 
alysis of the facial nerve, with loss of its excitability, 
one often sees movements of both these muscles dis- 
ttnctly produced after stimulation at the point of the 
facial. Let the beginner guard against confounding this 
movement then with facial contraction. 

In pathological cases of peripheral oculomotor pa- 
ralysis, we can, with the galvanic current, cause the le- i^?«tor pupi 

SuperiorlB Mi 

vator palpebrsB sui)erioris muscle to contract, the only 
eye muscle excitable under the circumstances, by 
means of a button-formed electrode, several millimeters 
under the highest point of the supraorbital arch (Werth- 
heim and Salomonson).* 

Nerves and Muscles of the Neck. 

(See Fig. 17 on the plate. ) 

Because of the very different configuration of the Neireaandu 
r^on of the neck, and especially of the location of the 
most excitable fossa supraclavicularis, the most excitable 
points will differ greatly in different persons. In many 
cases we shall have to be satisfied with the discovery of 
the most important nerve points. The more expert we 
become, the oftener shall we have positive results. We 

*It8 contraction form, let it be said right here, is ** sluggish/ and 
its electrical excitability is, moreover, a positive sign of increased 
excitability due to disease. (These symptoms of disease will be 
further described in Chapter IV., ** Reaction of Degeneration. **) 
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use for the aeck an exciting electrode of only very s 
diameter (button electrode). These small electrodes 
must be thoroughly moisteued. 

The nccf»iorif nerve, in the posterior triangle of the 
neck, about two fingers' breadth under the upper uigle, 
near the upper portion of the cueullaris muscle. This 
nerve is very easily stimulated. Effect : contraction of the 
stcmo-cleido-mastoid and tlie cueullaris muscle (which 
also receives filameuta from the cervical plexus), head iu- 
cliuation toward the back, the patient lifts and turns the 
chiu toward the other side. 

The hgpoglonHus nerve is usually excitable immediately 
above the hyoid bone. 

The brachial plexus in the entire lower inner third 
of the fossa snpra-clavicularis and parts of it are easily 
reached laterally from it. Effect: changing with the 
point of sttmulatiou, mostly in the median and axillary 
region, bending of the hand and the fingers, abduction 
of the arm from the thorax, and forcible bending of the 
elbow iu a pronatcd position. This is regularly to be 
found and as a rule is easily excitable. 

ErVx (supra-clavicular) poinl — a point in the cervieo- 
brachial plexus — generally a little more than a thumb's 
breadth above the upper clavicular bonier and a little 
to tbe side of the stemo-cleido-mastoid. It naturally 
changes its position considerably, according to the form 
of the upper clavicular hollow. Prom this point otit we 
get contraction of the deltoid, biceps, braehialis internns, 
and braehio radialis unscles ; that is, a jerking abduction 
of the arm from the thorax aud forceful bending ol" the 
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elbow in a proiiated position. This is regularly to be 
found and as a role is easily excitable. 

The anterior thoracic nerves. We must press in the Tboivcic Nenr 
button electrode deeply, behind the clavicle, with the 
arm of the patient hanging down, and choose not too 
weak a current. Even then we must often abandon the 
search for the discovery of the point. Eflfect: contrac- 
tion of the i>ectoral (adduction of the arm to the thorax). 

The long thoracic nerve. This nerve is often not excita- 
ble at the neck ; if it is excitable, then it is in the outer 
comer of the posterior cervical triangle, with the but- 
ton electrode pressed in deeply. Effect: contraction of 
the serratus anticus major muscle (the shoulder blade is 
moved outward and forward), or we see single points of 
the serratus come into prominence. 

The axillary nerve. This nerve is a little to the middle Aziiury Nam 
and above the former, near the outer comer of the trian- 
gle. It is frequently isolated, even tho parts of the 
plexus are often stimulated with it (in many persons it 
may be stimulated in the armpit, and often together 
with the radial nerve). Effect: deltoid contraction (ab- 
duction of the arm from the thorax). 

The dorsalis scapuke nerve. This nerve is often excit- nomiis Neirc 
able, but not very easily, a little to the inside from the 
above. Effect: contraction of the rhomboid and the 
levator scapulse. Lifting of the shoulder-blade with 
turning upward and inward. 

The phrenic nerve. It is seldom sought for diagnostic Phrenic Nenre 
purposes; for therapeutic purposes (asphyxia) it is gen- 
erally isolated from either side, either by fastening a fork 
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the exciting -electrode either iu the right or in the left 



ai Nerre The mdifd uerve, at its winding-point at the oatside 
of the upper arm, iu the middle between the iusertion 
of the deltoid muscle and the external condyle of the 
humerus. At thia jwiut or also somewhat above or be- , 
low, with one hand, we apply tiie exciting electrode, 
premising firmly downward on the front lateral edge of 
the triceps, at the same time supporting tlie arm, lifted 
and slightly bent at the elbow, with the other hand. 

Somedmea Id dotng this we must direct tbe pressure of the elec- 
trode BomewUat more tovBJ^ the trout, oftener somewbut more to- 
ward the bock. It is best if oiie applies it direclly above the point 
where one has found, through careful search, the uppermost point 
of the origin of the brachio-radlalia od the humerus. If we use 
rather strong cuirenlB or move the electrode toward the front, con- 
traction of the very easily eKcituble bleeps occurs, which obscures 
all other effects. 

Effects: contraction of the exfen.sor muscles of the 
hand and fingers (supinator brevis and the brachiora- 
dialis, not quite regularly) ; therefore extension of the 
hand and fingers, as also supination and bending of tJie 
elbow. It is to be noted: (1) That the I'adial nerve is 
usually much more easily' excited by the Ka. of the gal- 
vanic current as well as by the Ka. of the faradic cur- 
rent (opening) than by the An., and it is .stimulated on 
the whole with greater difficulty by the faradic than by 
the galvanic. (2) With the faradic current, particularly 
with rather strong currents, Ibe contraction in the radial 
region does not continue during the entire duration of the 
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cmrent closing, but is mostly only transiently appreci- 
able. This results from the fact that the most excitable 
point of the nerve is near the most excitable point of 
the triceps, and that the electrode is pushed out of the 
hollow by the contraction of the triceps, and thereby is 
removed from the nerve. Particularly in stimulating 
this nerve point, an important matter in practise, we 
should be careful not to cover up with our own hand the 
effect of the electrical stimulation, an error into which 
beginners very often fall.* 

The ulnar nerve. (1) In the ulnar fossa inside from the uioar Nerve 
olecranon. In stimulating this nerve, let the arm of the 
patient remain raised at the shoulder with the elbow half 
bent, the hand, with the palm down, hanging loosely. 
Effect: contraction of the interossei muscles, the adduc- 
tor iK>llicis muscle, the flexor carpi ulnaris muscle, and 
one i>art of the deep fluger flexors. We see, therefore, 
a bending of the hand toward the ulna, an entire bend- 
ing of the two or three last Angers (the bending of 
the second and third phalanx of the middle finger is 
generally not complete), an adduction of the index finger 
to the middle finger and of the thumb to the index finger ; 
at the same time the thumb is extended, as are generally 
the last two phalanges of the index finger. The position 
with ulnar stimulation which is most typical is especially 
to be recognized by the behavior of the thumb and the 
index finger, and can be differentiated from other effects 
of stimulation. Also at the upper arm, in the upper part 

* The radial may also be stimulated way up in the rear part of the 
•nnpit, but can not usually be separated from the axillary. 
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in the sulcus bicipitalis internus, in the lower part 
more toward the middle from it, the nerve can be 
strongly and easily excited. 

(2) The lower part of the nerve may be stimulated 
directly over the wrist ou the ulnar side. When we press 
in the electrode over the carpal bones, then we get only 
the adductor pollicis and the iuterosseus effects, adduc- 
tion of all the fingers to each other, flexion of their first 
and extenKlon of their la^t phalanges. 

The musc%Uo-aitaneoue nerve. At the upper part of 
the ijpper arm where the lower border of the pectoralis 
major muscle crosses the sulcus bicipjtalis interuns; 
there the nerve trunk itself may incidentally be stimu- 
lated, much more easily than the iDtramoscalar biceps 
which is supplied by this nerve-tmnk (the nerve also 
supplies the brachialis iutemus). 

The median nerve. We stimulate it most f reqtiently : 
(1) In the middle of the elbow-joint, directly on the 
oDtaide from the lacerttis fibrosua. Also we can sfcim- 
nlate it in the whole sulcus bicipitalis interatis ; 
there, however, its effect is often mixed (namely, there 
are ulnar and mnsculo-cataneons effects with it). The 
Btimulation effect consists of a contraction of all the 
hand and finger flexors, of the pronators, and of the 
muscles of the ball of the thumb; forcible flexion of 
hand and fingers be^nning with a jerk ; complete prona- 
tion of the forearm and apposition of the thumb. Ap- 
ply the electrode with light pressure, and hold the arm 
of the patient bent at the elbow, with the palm turned 
ap. The very strong pronation which occurs when the 
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nerve iK>int iB reached often leaves the contractions of 
the thnmb-ball muscles unrecognized; we may appre- 
ciate this, however, when we hinder pronation by resist- 
ance. 

(2) The median nerve may be excited in several places 
in its course, in the middle of the forearm, flexor side, 
best directly over the middle of the wrist between the 
two tendons of the flexor carpi radialis muscle and the 
XMdmaris longus muscle, which are prominent there, or 
also at the ulnar border of the tendon of the last. Effect : 
apposition of the thumb (contraction of the lumbricales). 

Tbe muscles of the ball of the thumb, particularly the Mmcies of ttn 
opponens muscle and the outer x>ortion of the flexor gorftoe 
brevis i>ollicis and abductor pollicis brevis on the ball 
near the wrist, are easily excitable when the hand is 
held in a relaxed x>osition. Effect: apposition of the 
thumb and bending of the thumb metacarpal bone. 

The abdudor potUcis bremB muscle is excitable near the 
radial border of the ball of the thumb, proximal, that 
is, nearer the wrist than the metacari>o-phalangeal joint; 
it may also be isolated. 

Tbe adductor pollicis muscle either is in common ex- 
citable with the first interosseus (see below) or also often 
in the palm toward the ulna from the ball of the thumb, 
somewhat over the middle metacarpal of the index finger. 
Both these muscles, in common with the inner portion 
of the flexor brevis, cause flexion of the first, extension 
of the second phalanx of the thumb, and respectively 
abduction and adduction. 

The ifderassei muscles and lumbricales are jointly tried; 
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they are very important muscleB. The most excitable 
points lie on the dorsal side of the hand rather far proxi- 
mal (toward the shoulder) in the interosseal spaces. 
We must at limes exert some pressure on the electrode 
in order to excite them, aud must exercise care that 
they are relaxed. Let the hand which is being examined 
hang, with the palm down, o\'er a rest, or let the physi- 
cian support it lightly with his own band at the carpus; 
or allow it to rest with the palm on bis own fingers, 
while the fingers of the patient hang loose, preferably 
loosely separated from each other. Stimulation in every 
interosseal space causes; (1) approximation of both 
fingers between which it lies; (2) flexion of their first 
phalanx and extrusion of the last two phalanges.* 
' In tihe application of strong currents (which, e.g., is 
necessary in atrophic conditions in order to exclude ex- 
tinction of excitability) current streamers <Misily produce 
on the long finger flexors or extensors a seeming interoH- 
seal effect. Let the beginner be on the lookout for this, 
and always observe whether the first phalans is actually 
fiexed and the last two are extended. 

The muscles of the ball of the small finger (the oppo- 
nens, flexor, abductor digiti minimi muscles) are ex- 
cited at the root of the hj-pothenar. They produce the 
effects expressed by their names, and are not always to 
be isolated. 

To test the muscles on the extensor side of the fore- 

"Since in paralysis of the fDlerossei (ulnar paralysis) the antago- 
nists overbalance. uvet^Ktenaion of the first and flezloD o( the lut 
phalanges occur (claw 'band). 
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arm, bend the elbow of the patient and place the hand 
itself in alight pronation. We then excite: 

The hrachio-radialis muscle (the supinator longus), MiMcJe§oftb© 

Bnushlo-Radla 

where the radial crosses from the extensor to the flexor iu«ion 
side of the antibrachium. If we direct the patient to 
bend the elbow midway between pronation and supina- 
tion, and resist this bending, at once we see, near the 
point where the muscular bulge is most prominent, this 
muscle spring into bold relief. The effect of the elec- 
trical excitation is flexion of the elbow -joint and slight 
pronation of the hand (the name supinator longus is 
a misnomer). In order to see the pronation better, 
give the hand of the patient a slightly supinated position. 

The supinator brems muscle, toward the ulnar side from 
the former, about at the external condyle of the humerus 
or somewhat distal from it. It causes sharp supina- 
tion. One can frequently observe in the case of this 
muscle, which is often excited with difficulty, that with 
many persons it reacts only to one of the two f aradic 
poles (sometimes to the An., sometimes to the Ka.), 
whereas by the application of the other pole at the 
same point we excite another muscle, e.g., one of the 
wrist extensors. 

Between the two last-named muscles, nearer the most 
excitable point of#he brachio-radialis, lies the point 
of the extensor carpi radialis longus muscle very far 
proximal, on the forearm ; it extends the wrist and at 
the same time moves it toward the radius. 

Its opposite on the ulnar border is the extensor carpi 
ulnaris muscle rather near the ulnar edge, about three 
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fingers' breadtli from the olecmnoD ; it Ukewiee extends 
the wrist, but moves it toward the aloa. 

The point of the third wrist extensor, that one 
which extends the wrist nearly straight upward, the 
extensor carpi radialu breim muscle, lies between the 
last two, near that of the radial extensor, and about four 
fingers' breadth distant from it. It can dot always be 
easily excited separately from the extensor digitomm 
commnnis moscle. 

The extejisor ditpiorum, covimunw muacle, atwnt a 
hand's breadth below the elbow-joint, at the end of the 
upper third of the forearm, extends the first phalanges 
of the fingers and causes an extension effect on the 
wrist. Portions of it, extending to the separate fingers, 
can often be stimulated individually. In its degenera- 
tion, e.ff., in lead paralysis or radial relaxing palsy, the 
finger flexors are usually excited from this point by cur- 
rent streamers. In lead paralysis and similar conditions 
it also often happens that only some parts of it show a 
pathological reaction, namely, become entirely unexci- 
table (mostly thoBe in the middle), while the rest remain 
intact^ Particularly to be mentioned is: 

The extensor indicts propriua (or indicator muscle), 
not connected with the former and generally lying cov- 
ered; generally excitable somewha* toward the radios 
from the middle of the forearm, extensor side (it ex- 
tends the index finger forcibly) ; and the 

Extensor digiti minimi proprius muscle, toward the 
outside of it; it extends the small finger and abducts it 
aUtUe. 
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The exten»or poOids Umgus and brevis (the tliiimb ex- 
tenaors) and the abdudcr pcHUcis Umgus are excitable 
near the radial border of the extensor side, about f onr 
fingers' breadth above the wrist (here mostly the abdnc* 
tor alone), then somewhat toward the nlna and some- 
what toward the elbow from the iK>int named. These 
mnsdes (of which the abdnctor longns and the exten- 
sor brevis border the so-called ^^ snuff-box '' muscle on 
the radial side, the extensor longus on the ulnar side) 
move the thumb in the following manner: 

The extensor iK>llicis longus extends the thumb and 
the first metacarpal bone and draws it toward the second. 

The extensor brevis abducts the first metacarpal and 
extends the first phalanx of the thumb (with second 
flexed). 

The abductor longus (the thumb phalanges are slight- 
ly flexed) moves the first metacarpal toward the front 
and outward. They are often difficult to isolate. 

On the fiexor side of the forearm we excite the mus- 
cles, placing the arm, bent at the elbow, in half supina- 
tion. Farthest ulnarward lie the group of hand fiexors 
and pronators arising from the internal condyle and 
it. 



The flexor carpi ulnaris muscle, farther toward the Muaciesortiie 
ulna^ just at the botder of the flexor and extensor sides, stigkm 
about a hand's breadth or little more distant from the 
elbow- joint. It bends the hand toward the ulna and 
does not pronate. 

Badial and mostly somewhat distal from it, the pal- 
maris Umgus muscle flexes the hand weakly, almost 
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Btrajgbt npward. Its tendon, when we have it isolated, 
stands ouL sharply among the flexors of the hand. 

Often is it difficult to separate it from the 

Fkxor carpi radialis muscle, whose point lies a little 
more radial or elhowward. It Ilexes the wrist and the 
radial side more than the ulnar; also at the same time 
it pronates. Its tendon likewise stauds out among the 
flexors of the baud and toward the radius from that of 
the palmaris lougiis. Between the«e two tendons there 
is often only a very narrow spaee. 

Together with these three wrist-joint flexors, to which 
three wrist-joint extensors of the extensor side corre- 
spond, and most radial, lies the most excitable point 
of the 

Pronator teres mascle, almost in the middle between 
the radial and ulnar borders of the flexor side, but 
usually nearer the ulnar border, and only two or three 
fingei-s' breadth below the elbow-joint. The position of 
this point differs very often in different persons. This 
muscle pronates sharply and as far a^ possible without 
moving the wrist or the fingers. Thus we can distin- 
guish its effect particularly from that of the median 
nerve, which is often situated near it, and from which, 
moreover, an exeitation of the muscles of the ball of tlie 
thumb usually follows. 

Besides these muscles, which it is often not easy 
for the beginner to isolate and to recognise in their 
action, there are to be noted on the flexor side of the 
forearm: 

The fiexor polHci-t longua muscles, in the lower third 
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of this side, very near to the radial border. These cause 
flexion of the end phalanx of the thumb. 

The Jlexores digUorum muscles, sublimis and profan- 
duSj of which the former flexes the second, the latter the 
third phalanges of the fingers, may be found distributed 
at several points in the middle and lower third of the 
forearm, particularly the sublimis. We frequently find 
the flexors of the index finger, especially if we apply the 
electrode with some pressure, between the tendons of the 
pronator teres and the flexor carpi radialis, which stand 
out at the wrist about two fingers' breadth above the 
joint. 

In the upper arm we excite the biceps muscle with the MiwdeiofUM 

Anterior Hum 

elbow slightly bent and passive, the hand slightly pro- Begioii 
nated. Its most excitable point generally lies where the 
muscle bulge is most prominent, or inward and up from 
it It is a very excitable muscle, and its effect is a 
forcible flexion of the elbow and an evident supination 
of the forearm. Therefore it is partly a helper, partly 
an opponent of the brachio-radialis, which flexes the 
elbow and pronates the forearm. 

The third elbow flexor, the brachialis intemus muscle, 
which flexes the elbow straight upward, under normal 
conditions can not be isolated at the inner side of the 
biceps, because either this or the nerve-trunks in the 
sulcus bicipitalis intemus will respond to the stimulation. 
Its point lies under (behind) the biceps, on the inside, 
about in the lower third of the upper arm. But if we lift 
the biceps high and push the electrode under we can at 
times stimulate it oftener. It is excitable at the x>oint 
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designated iu Fig. 18, out from the biceps; betveen this 
the triceps and the upper border of the brafhio-radialis. 
Under this excitation weak flexion occurs. 

To these three elbow flexors there corresponds a tripar- 
tite elbow extensor, the triceps muscJe. The conimou 
point for its three heads lies about a hand's breadth 
above the olecranon — that is, about on the boundary be- 
tween its lower and middle third. The three heads, caput 
longmn, caput internum, and capnt externum, can also 
be excited separately farther up. We see the triceps 
action best when the elbow ia in half pa-ssive estensiou. 

The deltoid muscle is also excited in three portions: 

(1) The front portion, not for below the aeromiou, near 
the inner border of the muscle bulge, which portion is 
easily stimulated and lifts the humerus toward the front; 

(2) the middle portion at the side of the former, perpen- 
dicularly over the point of its insertion, about in the 
middle of the muscle bulge, which portion lifts the hu- 
merus rather forcibly toward the side; (3) the rear por- 
tion, behind the former, but, on the other hand, some- 
what farther up, wliich portion lifts the humerus weakly 
backward. The last two portions are much less exci- 
table thau the first. 



MUBCLEB OF THE TBUNlt. 

(See Fig. 20 on the Plate.) 

The muscles of the truuk are, with few exceptions, 
difficult to excite. We need stroug faradio currents in 
order to see 'distant effects ; liut aa several of them, e.g., 
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the shoulder-blade moBcles, have great practical Bigoifi- 
caoce, it is worth the practitioner's while to take some 
paina iii the aearch for these points. 

The first is the cucuUaris ob trapeziug mnscle. We Muscieioftii 
can diatingaish three portions of tliis mnacle: (1) The 
npper portion, luost easily excitable from the front at 
the upper border of the supraclaTictilar groove, above 
the poiat of the accessory, or from the rear at the top- 
most portion of the muscle. The effect is a forward in- 
clination of the occipQt toward the excited side, witii a 
lifting of the chin toward the opposite aide; there ia 
only a very alight effect on the shoulder. This portion 
of the muscle belongs to the most easily excitable poJnte 
of the body. {2) The middle portion, most easily ex- 
citable about on a level with tJie spine of the scapula — 
or even higher— about in the middle between the inner 
border of the shonlder-blade and the spinal column. 
The effect is a forcible lifting of the shoulder. (3) The 
lower portion, excitable several finger breadths below the 
former point. The effect is adduction of the shoulder- 
blade toward the spinal oolomu. The second and third 
portions of the muscle cau usually be stimulated with 
strong currents only. 

The kUUsimus dorui muscle (see Figs. 18 and 20) can 
be excited best (with the arm banging loose) inward 
from the lower angle of the scapula at the point where 
the muscle bulge approaching the armpit reaches the 
Hide of the thoracic wall. It addncls the hanging hDraer- 
as to tbe thorax and draws it backward. 

The mpTaspituitua muscle, near the outer angle of the 
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fossa supra -spinata, is excitable only when the cuctxilarii 
is atrophic. 

The infra -iipiiMtus muscle (we Fig. IS), aalike the sa- 
pra-spinatns, in iiioBl persous may be excited abont the 
middle of the fossa infra -spiuata by a ciirreut of moderate 
strength. It is a forcible outward roller of tLehnuienis, 
and thereby aids the supination action of the upper eZ' 
treuiity. With the ami Iiaugiog loosely and the forearm 
slightly flexed and supported we can demonstrate nicely 
the effect of electrical stimulation. 

The rhimtboidni muaeles are hard to reach by direct 
electrical stimulation when the cucullaris is intact (for 
indii-ect stimulation see page 65). They draw the 
scapula obliquely upward aud inwani to the spinal 
column, at the same time lifting the lower augle of the 
scapula. 

The t^ret^a muscles can be reached incidentally by 
local stimulation (see Fig. 18). The xitbscapularia ataa- 
cle is not excitable under uorniiU conditions, nor, as a 
rule, is the semaua puatum«. 

The ereetor trunci muscles are often excitable with 
strong curreuts between the last ribs and the uppev 
border of the pelvis. The effect is an inclination of the 
spinal column toward the excited side. 
I The aen-atus an/iciia major mu-scle is indirectly exci- 
table from the supra- clavicular fossa, as has been men- 
tioued above (page 65), but is often excitable in the 
armpit on a line corresponding to the course of the nerve 
and about bisecting the augle of the armpit. The effect 
is that the serrations spring into relief, and the scapula 
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piefises a})on the thorax, and is lifted spasmodically and 
moved outward and forward. 

The pedoralis major masde (for indirect stimulation 
from the anterior thoracic nerves see page 65) is directly 
excitable at several points on the front chest wall, 
nearer its origin (at the clavicle, at the sternum, and in 
the ribs) than at its insertion. The effect is an adduc- 
tion of the humerus to the thorax. 

The intercostdl muscles are excitable at the upper 
borders of the intercostal spaces with an electrode of 
very small diameter. Their electrical stimulation is 
practically unimportant and difficult. 

The rectus abdominis muscle is excitable at the outer MiMcii»of uie 

AbdomeD 

border of its muscle belly — that is, about three or four 
fingers' breadth to the side of the median line. As a 
rule, a i>oint not far from the place where the outer 
border of the muscle touches the arch of the ribs is par- 
ticularly excitable. The effect of stimulation is the 
drawing in of the abdomen on the stimulated side. 

The obHiqaus abdominis extemus muscle, farther out 
from the last-named point on the arch of the ribs, is 
unimi>ortant. The effect of its stimulation is the draw- 
ing of the navel toward the stimulated side. 

The UeO'psoas muscle, because of its deep position, 

can not be reached by electrical stimulation. 
6 
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SKHITY, I 



Nehves and Mubcleb of the Lower Extbk 

(See Plates 21-24.) 

Nerve* and Miu- I" ^h© lower extremity the search for the most ezcit- 
t^rtmiu '' """^ ^^^^ pointa is more difficult thau iu the upper, since fre- 
quently a much thicker layer (composed of skiu, con- 
nective tissue, and in particular fat) is found l>etweeD 
the electrode and the nerve or muscle, so that, with 
tlie inclinatiou of the electric cui'rent to arc formatiou, a 
great part of the current is lost in the good conducting 
interposed tissue before a fraction reoiChes the muscle 
or the nerve. Therefore we frequently ueed, especially 
iu the thigh, large current strengths to produe* a visi- 
ble effect. Several very deep-lying points can not be 
reached at all in many individuals. In regard to the 
position in which we place the leg to be examined, so 
as to have the muscles relaxed, see page 64. It is con- 
venient to have among our apparatus a sofa, a divan, or 
some such similar arrangement, on which the patient 
can lie on tlie back duriug the exajniaation of the front 
side of the leg, and on his stomach during examiuation 
of the back of the leg. 
Crural Hnre There are to be mentioned of the nerve points, the 

crural nerve, at the end of the inner third of Poupart's 
ligament, which lies veiy deep and is, therefore, ofteu 
not excitable (or only with difficulty by considerable 
pressure of the electrode upward, outward, and back- 
waid). The effect is a contraction of the quailriceps 
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femorifl mnscle and the sartorins muscle, lesoltiiig in tiie 
forcible extension of the leg at the knee. 

The obturator nerve is often more difficult to excite obmnrtorN^iTt 
than the preceding nerve. This is done by applying 
the electrode on the inside close to the symphysis, with 
considerable pressure and with strong currents. The 
effect is the contraction of the adductors. 

The ischiadic nerve, at the rear of the thigh, is usually iKhiadic Nerre 
reached only in thin x>ersons and with strong currents 
and deep pressure of the electrode. If we draw an im- 
aginary line from a finger breadth to the side of the 
tuber ossis i^hii, between it and the trochanter major in 
the hollow of the knee-joint, the nerve will be found, if 
at all, at some point on this line (more frequently on its 
lower part). The effect is, flexion of the leg and dorsal 
or plantar flexion of the foot. Flexion of the leg alone 
might also be called forth by direct stimulation of the 
neighboring muscles. 

The branches of the ischiadic are much more excitable P«r«»»i Ner?» 
than the trunk. We can excite very easily the peroneal 
nerve in the outer angle of the hollow of the knee by 
applying the electrode (the x>atient lying on the back and 
with slightly flexed knee) directly on the inner border 
of the tendon of the biceps femoris muscle and by press- 
ing outward and under the tendon. We can also find 
this very excitable nerve point from there down to the 
little head of the fibula and even somewhat below it. 
The effect is the sudden dorsal flexion of the foot, in an 
almost straight direction, with the springing into relief 
of the muscle bellies and the sinews at the front and out- 
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Hide of the leg and the dorsam pedis {the peroaens 
lougiis and brevis uiuscleB, the extensor digitornm c 
munis loQgus and brevis, tibialis aiitieus, extensor hal- 
lucis longus muscle). 

The tibial nerve, in the middle of the hollow of the 
knee or a little above it, can be easily stimulated, tho 
not so easily as the former. The effect is a couti-action 
of the muscles at the rear side of the leg and the planta 
pedis, with forcible plantar flexion and flexion of the 
taes. Observe the toe-flexion or the wrinkling of the 
skin of the sole of the foot which usually accompanies 
stimulation of this uerve. If it is absent, we must de- 
termine whether the observed effect may not be traced 
back to stimnhitioa of the muscle branch of the triceps 
suite. A point at which we often obtain a single effect 
on the foot-sole muscles lies not far fi-om the internal 
malleolns, toward the inside of the tendo Achillis. 

The muscles of tJie lower extremitj- which are to be 
noticed are the following: 

On the front side: The quadriceps femoriii muscle is 
affected by the joint excitation of its heads, generally 
above at the outer side at the thigh, about at the end of 
the upper third of the femnr. The effect is an extension 
of the knee, aud a moving of the patella almost directly 
upward. The excitability is good. There may be a 
separate excitation of the branch for the txisfim ijiienius 
muscle, about a hand breadth above the patella — that is, 
rather far distal, at the inner side of the muscle bulge. 
This is very easily excitable. The effect is a moving of 
the patella upward aud inward. 
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The vadus extemus muscle, at the outer side of the 
muscle bulge, but at a higher level thau the former, is 
usually not so easily excited as the other. The effect is 
a moving of the patella upward and outward. 

Also the rectus femoris muscle can be isolated a little 
below the common point. 

The sartorius muscle can often be stimulated alone, 
about the upper third or in the middle of its muscle 
belly. With a certain current strength isolation is frus- 
trated by simultaneous contraction of the quadriceps. 
The effect of the electrical stimulation is the springing 
into relief of the muscle belly. A locomotor effect is 
usually not produceable. 

The adductor muscles, in the large adductor triangle 
bounded by the sartorius and the bend of the groin at 
different joints, adduct forcibly. It is not easy, also 
not im{K>rtant, to isolate them (see Fig. 21, where the 
separate points are given). 

The tensor fascuB latw muscle, at the outer border of 
the thigh, high up, not far beneath the crista ossis ilei, 
with a strong current produces a slight inward rotation 
of the 1^ from that {K>int. 

The tibialis anticus muscle, on the 1^, on the out- MuicieBofUie 
side close to the tibial edge, usually about two or three Begkm 
finger breadths below the knee-cap, on excitation pro- 
duces the effect of lifting the inner border of the foot. 
Where there is not too great a layer of fat, we see the 
muscle belly and the tendon origin at the outer border 
of the tibia almost spring into relief. This is always 
easily excitable. 



I 



^B extends t 

^H tion also 

^H normaL 



86 ELECTR0-DJAGN08IS 

The petvnfMs longwt miisclc, about at the same level, 
but on the outer edge under the head of the fibula, is also 
quite regularly excitable. The effect is a sinking of the 
inner foot border and pushing down of Ihe ball of the 
big toe. We plainly feel the latter, if dnring the elec- 
trical stimulation we press upward with our own hand 
the ball of the toe of the patient. Properly speaking^, 
the muscle does not abduct 

The peroneua brevia muscle can often be isolated di- 
rectly under the farmer, at the border of the middle and 
lower thirds of the leg, with a tolerably strong current 
It causes a real l>ut weak abduction of the foot, 

Tlie cxtfJiHor digitorutn commnnin Unujus muscle can 
not regularly be isolated between the tibialis anticus and 
peronens longus ; about in the middle, but farther distal, 
about a hand breadth below the patella, it causes a foot 
abduction and dorsal flexion, and extends the toe feebly ; 
at the same time the affected tendon stands out at the 
back of the foot and over the ankle. 

The extensor haUiicis tojigus muscle, at different points 
above the ankle-joint on the inside, very near the outer 
edge of the tibia, likewise can not regularly be isolated. 
The effect is an extension of the first phalanx of the 
great toe. 

The extetisor (iifffforum communis brevia muscle, at the 
dorsum of H '. oot near the ankle-joint, rather far oat 
from the middle line of the foot, when excited, forcibly 
extends the toes. With galvanic stimulation its contrac- 
tion also is often not exactly lightning-like, even in the 
normaL 
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The abdudar digiii mmimi muscle, which can be stim- 
nlated on the ontside from the little toe, abdncts this 
toe. This is nnimportant, as is also the excitation of 
the inierossei muscles (these latter as in the upper ex- 
tremity). 

At the back of the lower extremity is to be noted undkmfdtbb 
that the gluteus maximus muscle is rather easily ex- omten B«fiBi 
citable at several points of its bulge, frequently most 
easily in the lowest part The effect of the electrical 
stimulation is lifting and adduction of the buttock. 

Here, too, it is to be noted that the gluteus medius 
muscle, somewhat above the prominent trochanter major, 
which lies below the crista ossis ilei, can be stimulated 
in some persons, but not always regularly, with strong 
currents, if the patient supports himself on both hands 
and on the leg that is not being examined, while the 
investigated leg hangs relaxed. If the stimulation is 
effectual, we see extension of the hip and abduction of 
the leg. 

Of the three 1^ flexors, we find the semUendinosus MoMiwoctiie 

Poitflrtor ItaM 

and semimembranosus muscles near the inner border of B«eion 
the thigh, nearly in the middle of the thigh ; and the 
biceps femoris muscle, generally only a little outward 
from it. 

These three muscles usually require strong currents 
for their stimulation. The effect of the stimulation is, 
as a rule, only a springing into relief of their muscle 
bellies and tendons: the tendon of the biceps, at the 
outer border ; those of the semi-muscles, at the inner bor- 
der of the hollow of the knee. Usually we see nothing 
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^n at all, or very little, of the leg flexion with electrical 

stimulation. 
Miifl-kwnf ibn The ffa/^ivatemiiis mu.sc.le is usually excitable at aev- 
muIiwRMift'r ^'^^^ points below the kuee-cap, generally better in its 
iatenil portions than in its middle. We see that it 
causes plant^ir dexiou of the foot, which turns the foot 
with the toes inward. 

The sokus muscle may be isolated occasionally below 
at itfi lateral portions not covered by the gastrocnemius 
(see Fig. 24). 

Stimulation of the Jlexm- haUucin lonffus muscle, on 
the outside next t>o the tendo Achillis at its lowest part, 
flexes the terminal phalanx of the great toe. 

Stimulation of the JJexor digitorum mmviunis hnffus 
muscle, on the inside close to the lower tibial point, next 
to the tendo Achillis, flexes the toes. 

The plania pedis muscles can be isolated in but few 
cases and only with verj' strong currents. Since they 
very seldom have a practical interest, they need not be 
I mentioned. 

The method for an electrical investigation, according 
to what we have said above, is the following: 

Let us take as the simplest example a diseased single 
muscle of oue half of the body — e.g., the left extensor 
digitorum communis brachii muscle. The investigation 
begins on the healthy side of the body with the search 
for the healthy muscle — that is, in our example, the 
right extensor digitorum comuiunis. We place an indif- 
ferent plate electrode, well soaked with warm water, on 
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the stemimi, or in the nei^bortiood of the sacrum, or 
at the neck. Id which case an especially adapted nei*k 
electrode (Fig. 25) may be used. This electrode is either 
held by the patient against the sternum with the hand 
which is not being examined, or it is fasteneil in the col- 
lar or in the clothing surrounding the hip, so that it lies 
directly on the skin. (Be careful that part of the cloth- 
ing is not poshed in between.) From time to tinio wo 
most see, in the course of lengthy investigations, that tlio 
electrode is sufficiently moistened. One immersion in 
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water does not suffice, but a thorough soaking is ne<*os 
sary (iMUticularly with new electrodes). Also wc must 
be sore that the screw of the electrode is well fastcnrd at 
the end of the condncting-cord, and that also the wWm^y 
end of the conducting-cord is tightly secured; thru \\<^ 
chose the exciting-electrode, which it is always U*.st tt^ 
have provided with an interrupter. The diameter for 
pnri>06es of investigation is usually 3 S4i. cm. (n«>iinal 
electrode of Stintzing, see page 55); only at s<«vcral 
points, which are specially named in what luus Ihhmi dis- 
cussed above, is one of smaller diameter us(»t*ul. The di- 
ameter of this electrode must be noted in the iv]n)i1 — tliat 
is: Elect, dia. = 3 sq. cm. This electrode should also 1)0 
well moistened, and we should be sure that the inter- 
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rnpter is in good working condition, since the Jaterpoei- 
tiion of a, drop of water or of a tiny hair intemipts the 
operation by causing a lingering current closure, even 
with the intermpter opened, or with the inteimpter 
closed. 
^ Then send the faradic (secondary) current (see page 
28) through the common binding-posts by (1) moving 
tiie handle of the chaugiug-apparatns to S., (2) exclu- 
ding the rheostat entirely, and (3) plugging the block .71, 
when at once there begins a buzzing sound called forth 
through the Wagner-Neef's hammer. Let the distance 
between the secondary and the primary coil be maximal 
at first, thus producing a minimal current. Now place 
the exciting-electrode opened on the muBcle to be ex- 
amined, and press down the spring with the thamC on 
the interrupting-handle. In doing this, hold the elec- 
trode in the entire fist, not like a pen. We set it first 
on the point of the muscle, which, by supposition or by 
experience (see the Plates, Nos. 17-24), is the most exci- 
table, while we slowly push the secondary coil over the 
primary with the free hand : thus gradually increasing 
the current, we make a current closing with the engaged 
hand by the use of the interrupter— namely, through 
rapid lifting of the thumb from the interrupting-handle, 
as the secondary coil passes over the primary coil, and 
we assure ourselves each time whether the muscle reacts 
— that is, if a contraction follows. That the muscle mofit 
be relaxed has already been emphasized above (page 64, 
where also the methods of accomplishing this were 
giveii). 
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The pole that usually we make use of U the Ka. for faradic allni' 
I nlation. alUio as a rule It is not impiortsDt to i>a; atlenlion lo this. 

As soon ae we see a contraction of thp nuiRcle, we e 
Bhould determine, first, its rjuality, that is, if it is 
tetanic — occurring with a, jerk immediately after a cur- 
rent closing and disappearing with a jerk after current, 
opening — or if there is anything abnormal in the con- 
traction. 

We shoold try, by moving the secondary spiral slightly, 
to determine if the observed contraction is really the 
minimal contraction — that is, to find that position of the 
spiral in which the minimal (in otJier words, the first 
perceptible) eoutraction occurs. And when we believe 
we have fonnd what we were looking for, then, by ap- 
plying the electrode with interrupter opened, so that it 
touches various other points of the muscle in the neigh- 
borhood of the one just found, and by making one or 
two closings at each of the same, or by drawing the 
closed electrode over the entire muscle causing it, we 
must try if we can not with the former minimal current 
strength get a greater contraction at other points. 
"Where the greatest contraction occurs with the least 
current tiiere is the actual point of greatest excitability, i 
It is best to mark this point by drawing a mark around 
tiie disk of the applied electrode with a dennatographic 
pencil, or to hold the electrode unmoved on the point, 
till the entire investigation is finished. Even a slight 
moving or bending alters the results. 

When we have determined in the way described the 
piinimftl contraction, we note, in the table soon to be 
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mentioned, the t«)I distance (C. D. ) at which IhiB conl 
tion was seen, reading it in millimeters on the scale. 

E.g. : Riffht Exienmr IHffUomm. Communia MutelSi, 
Faradic: 120 mm. CD. 

In addition, we should note the possible qualitative 
changes. If the quality is normal, it need not lie men- 
tioned. 

Now ve ezolade the faradic current and send in it 
place the galvanic (constant) current from the common 
binding-posts by turning the handle of the current- 
changer to C, the rheostat to 0, and we remove the ping 
and bring in any desired number of cells by means 
the cell-collecting switch.* 

Now by means of the curreut-reverser we change 
exciting-electrode to the Ka. (because in normal condi- 
tions with Ka.Cl. the flrst contraction is observed), 
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It is adviaable. In order more easily to avoid crrora, that one h»»«' 
different colr>red conducting -cords, so tliat he may fasten odi 
the black cord on Ihc + binding-poBt. the red cord on the — 
post, and connect the in term p ting-electrode with the red cord ; then 
placing the current -re versing handle In a normal position (on JV.). 
he will find that the exciting-electrode is the Ka, 

Then we push the handle of the rheostat, clock- ] 
wise, slowly from contact to contact, at the same 

*In testing muscles or nerves wbich experience has shown to be 
easily excitable, we choose usually a small number of cells (five, 
ten, fifteen); with others more difficult to excite, n greater number. 
Recently it has been recommende<l to note particularly the number' 
of cells used, the electromotor force produced by them : that is. 
sioD or intensity measured by means of a voltmeter (see page 
footnote). 
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time making closings and openings at the interrupter, 
till at one of these excitation moments (normally at the 
closing) we see a decided muscle contraction, when we 
should notice exactly the character of the contraction cbwicceroc 

ContractloD 

and observe closely whether in reality it is lightning-like 
(see i>age 43) or not. By turning the handle back and 
forth slightly, we should assure ourselves if the con- 
traction is, in fact, minimal. If this is not the case, we 
push the handle back to the point at which we produced 
the slightest perceptible contraction, and now while we 
leave closed the interrupter of the electrode which is 
applied to the muscle we release the galvanometer needle 
so that it sways freely, and let it swing until it rests, 
which is accomplished usually after a few seconds. We 
then read from the galvanometer the current strength 
which the needle indicates, and note it on the table. 
E.g. : KcuCl.C, 1.5 ma, lightning-like (/.) or prompt (pr.). 
Thereon we open the interrupter by pressure of the 
handle (by removing the finger from it).* 

Beverse the current direction by means of the current- uieaf cmrent- 
reverser ; in doing which we have changed the exciting- 
electrode to An. Without changing the position of the 
cell-collecting switch, or of the rheostat — in short, with- 
out altering the current strength in any way — close the 
interrupter again to determine whether a contraction is 
visible with An. CI. or An.O. In case there is, we turn 



* Without moYing the electrodes at all, and by reversing when the 
current is closed, both (1) the skin resistance and (2) the muscle ex- 
citability will be changed, so that the results then obtained wiU not 
be comparable without further investigation. 
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tbe rheostat handle back to the point where we see the 
minimal contraction with An. CI. or An.O., and note the 
number of milliamperes which accompanies thla. In the 
other cjise we strengthen tJie current gradually by turning 
the handle farther, clockwise, until the minimal contrac- 
tion occurs, and we note this strength ; e.g. : An. (X.O. S 
ma. An.O.C. S.5 ma. 

Here, too, the form of the contraction must be no- 
ticed. It sometimes occurs that the An. contractions 
have a character differeut from that of the Ka. contrac- 
tions. 

Now open the interrupter again, turn back to the 
Ka. and determine in the same manner the minimal 
Ka.O.C., respectively the Ka.Ci.Te. Note this current 
strength also in the table; e.g.: Ka,Cl.Te., 5 ma.; 
Ka.0.0., 7 ma. 

With this the investigation of the muscle is ended, and 
we can remove the exciting -electrode, after first turning 
all handles of the apparatus to the or starting- 
point* 

We proceed in exactly the same manner uoW with the 
symmetrical muscle on the other side of the body; in 
doing which we should remember that symmetrical mus- 
cles have not always their excitation -points placed with 
exact correspondence, so that it is necessary each time 
to begin the examination of the second half of the body 
with the above-described search for the most excitable 

*The entire galvanic invcstigattoQ must not proceed too slowly, 
because the exactitude of tlie results Is destroyed by the cliange of 
reslatauce. (-au^d by llie loug uppllcatloQ of the galvuuic current. 
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IK)mt. These results also we note in the table, which 
will then apx>ear somewhat as follows: * 



^** n aA I^Ia O a«B 


Right. 


Left. 


Kieet.-DttL = 8 sq. cm. 


Fkradte. 


GmlTBnic. 


Faradic 


Qalranlc 


RzteD8or digitonim 
communis musele 

Extensor pollicis 
longus muscle. 


120 mm. 
CD. 


Ka.Cl.C.— 1.6 ma. 
An.Cl.C.— 3.0 ma. 
An.O.C.— 8.6 ma. 
Ka.Cl.Te.— 6.0 ma. 
Ka,O.C.— 7.0 ma. 
Lightning-like. 
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For practical purposes investigation in this complete 
manner is superfluous. We substitute a '^ condensed 
method" that fully suffices in the greater number of 
cases. The faradic investigation is made in the manner 
presented above, as is also the determination of the 
Ka.Cl.C. Then as above, open (the interrupter), reverse 
(the current by means of the current reverser), close 
(the interrupter), and merely observe if, in fact, as it 
should be normally, the Ka.Cl.C. occurs earlier than the 
An.CLC. — that is, if, with the same current strength 
just now at hand, an An.C. (immaterial if An.O.G., or 
An.CLG.) occurs. If this is the case, then we have an 
abnormal condition before us, and we must determine the 
minimal An.C. and note in the above-described manner. 
If this, however, is not the case and the action is nor- 
mal, then by moving the rheostat handle forward we 

* There are different formulse for electro-diagnostic tables: the one 
here presented seems to me the most easily readable. 
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determine whether an An.C. occnrs with strong currents 
without taking into a^'count its minimal currant strength. 
In this case it suffices to note, e.g.: Ka.Cl.C. 1.5 ma. 
lightning-like > An.C, (that is, greater than Aji.C.). 

This shows clearly then, for practical purposes, that 
the contraction form in the foregoing case presents no 
decided deviation from tlie normal. 

The abridged table of the above imagined case will 
read, therefore: 





Riom. 


LUT. 


n«.-ii.. a„.«i.. 


FsniUc. 


G^y^t.. 


FHn„„r. 


dTWUC. 


ExtenBordigitorum 
commuuis musrli! 


130 mni. 
CD. 


Ka,Cl.C.-l,5 ma, 
Liglitning-Hke, 







Details that are noted during the examination must 
likewise be noted in the table, tkincerning this, see far- 
ther on. 

By comparing both sides of the table we will easily 
be able to find our bearings in regai-d to any deviation 
from the normal, provided that it is a case of one-sided 
affeetiou. In cases of two-sided affection we should tise 
the Stintziug Normal Tables, as detailed above. 

In the same manner we proceed with the investigation 
of motor nerves. There we must also notice if all the 
muscles supplied by the nerve in question react to nerve 
stimulation. Eventually we must note those which do 
not 



CHAPTER IV 

CHANGES IN THE REACTION OF THE MUSCLES 

AND MOTOR NERVES 

It has already been discussed in the beginning of the 
forgoing chapter that we naturally differentiate three 
kinds of reaction changes in pathological conditions of 
the muscles and motor nerves: (1) Quantitative (con- 
cerning the excitability in the true sense — that is, the 
minimal contraction): (2) qualitative (this concerns the 
contraction form) ; (3) the quantitative-qualitative.* 

* Another principle forms the basis of the division that Doumer 
proposed for the changes in the electrical reaction. He views the 
pathological reaction anomalies not as separate things, but as symp- 
tom complexes (syndromes) and separates them, as it were, into their 
components: ** elemental, single reactions.** He distinguishes the 
following reactions: (1) For the faradic current : (a) increased ex- 
citability, and (b) decreased excitability (Duchenne's reaction). (2) 
For the galvanic current: (a) increased excitability, (b) decreased 
excitability, (c) change in the relative values of Ka. closing and An. 
closing (Erb's reaction), {d) change in the relative values of Ea. 
closing and Ka. opening (Rich's reaction), and (e) loss of the nerve 
excitability with retained muscular excitability with parallel cur- 
rents (longitudinal reaction). 

In anomalies of muscle contraction Doumer differentiates: 

(a) Shortening of the latent period. 

{b) Lengthening of the same. 

(e) Shortening of the contraction duration. 

(d) Lengthening of the same. 

(e) Changes of the curve form (spastic, paralytic, atrophic, de- 
generative curve, according to Mendelson). 

7 97 
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The parely qualitative changes in reaction are very 
rare and, therefore, will be considered in the Ap- 
pendix.* 
' The practitioner is iuterested principally: (1) In the 
purely quantitative cbauges (and of these again in the 
simple diminution of excitability, since a simple increase 
of excitability is also infrequent), and (2) in the quan- 
titative-qualitative changes, piirticnlarly in the differ- 
ent fonos of the reaction of degeneration. 

To facilitate the underelaDding of these changes we must begin 
further back with several fuodameotal facts, which concern tlM 
anatomy and physiology of the motor couductlon-patb. 

In tlie mutor rcglou of the cerebal cortex roireapODdlng to tha 
central convolution, there arc the large so-called pyramidal celll. 
These cells have processes : (I) a row of short processes, that usually 
He near the cortex, protoplasmic processes or dendrites, and (2) a 
single long process that extends toward the periphery, the aiis- 
cyliuder process (nerve- process, neurit, or axon). This latter goes 
through the white heiulspfaere substance, through the iDtenuil cap- 
sule (posterior limb), through the pes pedunculi. the pons, and the 
medulla oblongata, as fibers of the pyramidal path, consisting 
only of such neurits. In the most caudal part of the medulla ob- 
longata this cell process crosses a symmetrical one from the op- 
posite side, at the pyramidal crossing, and then courses down- 
ward on the other side of the body Into the lateral columns of the 



(/) EKhaualion reaction. 

Exact and scientlflcally valuable as this division Is, still, as It baa 
not yet been generally adopted In practise, the old division is re- 
tained in what Is to follow. 

* The much-used expression " qunlltative" change in "exdiabillty " 
contains a contradiction In words, since excitability denotes a purely 
quantitative thing as present. We can apeak only of the qualita- 
tive change In the reaction i> 
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higher, lometimea lower, according as the impulse Is carried to a 
inuBCle of the arm, Ihe leg, etc. It turns out of the vertical direction 
Into the liorizootal, as It enters into the anterior honi. and there, 
arrived at the end of its course, splits into the so-called terminal ar- 
borization. " 

The pyramidal cells, together with their various processes, we 
designate as a nerve unit or neuron, and as cortico -spinal or central 
motor neuron (archlneuron Waldeyer). 

While the dendrites probably have the function of conducting ex- 
Stability to the cells— that is, are "ccllulipetal"— the conduction la 
the axis-cylinder processes is "cellulifugul." The motor impulses 
tie therefore conducted by the neurits from the cell to the periphery. 

The end-branches of each central neuron enter In tlie anterior horn 
into contact-like association with one of the large polygonal motor 
anterior horn cells that lie there. They either surround the cell 
itself, claw-like, without, however, blending with it, or they touch 
the dendrites of this cclLf 

This cell likewise sends forth processes: (1) Numerous dendrites 
tliat liave a short course and conduct stimulation cellulipe tally ; (2) 
a single axis-cylinder process, that goes through the anterior horn 
Into the anterior roots as filaments o( these roots, and then proceeds 
■ as a peripheral motor-nerve to a muscle-fiber. Arrived at the 
muBcle-Sber. it branches at its end and enters into contact-like asso- 
ciation with the muBcle-flber. The anterior horn cell, together with 
Its processes, forms another nerve unit or neuron, which la desig- 
nated as spino- muscular or peripheral motor neuron (teleneuron, 
Waldeyer). 

The motor conduction'tract of the cranial nerves, like that of the 
ipinal nerves, consists of two neurons. The central neuron has its 

* The collateral branches that it gives off on the way need not be 
considered in this discussion. 

t A sort of blending has lately been supposed to exist. This neu- 
ron theory is vigorously attacked by Bethe. Apathi, Held, Nisal, 
and others. For the present, however, it has at least value to the 
extent that we may retain the nomenclature created with It as the 
form of expression for electro -diagnostic uses. 
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cell in the cortM Burface (in Ihc moat basal portion of the central 
con volutions) In the neighborhood of the facio-lingual center near 
IbeBflvian fossa; the ails -cylinder of this cell goes through thenar- f 
row white substance, the Internal capsule (posterior Kmb), and then ^ 
through the pes pedunculi down into the pyramidal tract, but 
croaaes above the real pyramidal crossing, In the pons or in the 
apper part of the oblongata, with the symmetric filament of Ihc 
other aide of the body. After crosdng, It goes to the nucleus of 
the particular cranial nerve on the opposite aide, lo which it con- 
ducts the impulse (facial, hypoglosaus, etc.), and there splits into 
the end-branches. The end-branches enter then, In the above- 
described way, into contact-tike association with the cellof the motor 
nucleua, without blending with IL 

With Ibis cell begins the peripheral molor neuron of the cranial peripheral Mr 
nerve conduct! on -tract. The axis-cylinder process of this cell con- NeuroD ol Uh 
tinues as a filament of the outgoing cranial nerve-ronl, toward the conduclkw-P 
base of the brain, and farther as peripheral cranial ncrve-fllament 
to a muscle-fiber; reaching this it spills Into end-branches. From 
this presentation appears the important fact that the cell of the 
nucleus in the cranial trunk for the cranial nerve has the same 
physiological significance for the cnmial nerves as the anterior horn 
cell fur the spinal-cord nerves. But something more, very slgnifi- 
otnt for our theme, will be easily understood from what has just 
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If one of the two neurons which form the motor con- 
dactiOD-patb is interrupted at some point by an injury i>pb»i»« 
or a disease process, or if the cell belonging to one 
of the two becomes diseased, the axis-cylinder of the 
affected nenron undergoes au anatomical rhangc that 
leads to it«i final destruction, and is called degenerative 
atrophy, or, in short, degeneration. The axis-cylinder 
lofles first its surrounding envelope, in that the medul- 
lary sheath falls in flakes, pieces, or crumbs; then the 
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axia-cylinder itself disintegrates likewise, the nudei of 
the sheath of ^bwanQ are increased, the interstitial tis- 
sue increases also and takes the place of the disappeared 
nerve tissne — as it were, a "cirrhosis of the nerve." 

This degeneration concerns only the neuron in which 
the changes due to disease occur. The rest of the motor 
couduetiOQ-path remains intact. This is a fundamental 
fact which we must remember first of all, and which 
clearly follows from the anatomical independence of the 
nerve unit.* 

But— and this is the second fundamental rnle — if the 
peripheral, the spi do- muscular neuron, degenerates, then 
the associated muscle-fiber also t>ecomeB diseased. It also 
suffers a degenerative atrophy : it becomes smaller, los- 
ing its txansverse striation ; the nuclei of the sarcolemma 
increase. There occur chemical alterations in the sense 
of a necrobiosis (wax-like degeneration, €t<.) ; the inter- 
stitial connective or fat tissue luxuriates and increases 
and takes the place of the disappearing contractile sub- 
stance; finally, "cirrhosis of the mnscle-fibers " occurs. 

Simple muscular atrophy la found not only in diseases 
of the muscles themselves, but also in a whole series of 
other disease forms which will be mentioned hereafter. 
The degenerative atrophy of the muscle does occur when 
the peripheral neuron — its cells or their aids-oylinder 
procees — is injured or changed by disease-t 

The degenerated muscle reacts to the electrical cnr- 



• Apparent exceptions to this ni!e will be gone into later. 
t In gaoeral thia proposition can be held as correct, despite contra- 
dlctorj discoveries. 
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rent in another manner than one that is not d^enerated, 
and also otherwise than one that is simply atrophied. 
Thns by means of the electrical investigation we ean 
prove mnsde-degeneration. The reaction of the masde 
in such cases we designate with Erb as reaction of 

DEGENERATION (D. R ). 

The D. R will be fonnd then when the i>eripheral tub law of n 
motor nenrbn is diseased to a considerable extent. It is 
not fonnd in diseases of the central nenron, or of the 
mnsde itself, or of other parts of the nervons system and 
tJie rest of the body. When the D. R. is present, it is a 
sign that a disease process is going on in the region of the 
peripheral neuron. 

It is well for the beginner to regard this sentence as a funda- 
mental proposition — a rule without exception. The fact should be 
mentioned, and later on will be more fully discussed, that discoT- 
erles have been made which tend to limit decidedly the application 
of this rule. 

The diseases in which we find the other changes in the 
electrical reaction, particularly the simple quantitative 
or simple qualitative changes, concerning other parts of 
the motor conduction-tracts and the motor apparatus, 
will be more fully discussed in the following. 

(A) The Purely Quantitative Changes. 

If a muscle or motor nerve reacts with the minimal 
contraction to currents weaker than for the normal, we 
call it increased electrical excitability.* 

* The increase may concern either the faiadic or the galvanic ex- 
dtability, or both. The latter is the more frequent, but the former 
alto occurs frequently. 
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The increase of excitability appears in one-sided affec- 
tions, 8o that on the affected side a faradic contraction 
is obsen-ed with a greater ooil distance (that is, a weaker 
strength of the faradic current) than on the bealtliy side. 
The increase of the galvanic excitability shows itself in 
the fact that a contraction is produced on the diseased 
side by a smaller number of milliamperes than on the 
healthy side. In double-sided affections we can recog- 
nize an increa^ of the excitability if the valued) of the 
current strength with which the aiinimtU contraction in 
a muscle or nerve becomes visible lies below the lowest 
limit of the Stintzing minimal value ; we can assume the 
increase wheu the value lies near the Stiutziug minimal 
value and if the part in question is diseased. Particu- 
larly iustrnctive and convincing in such wises is the in- 
vestigation with the galvanic current, taking into con- 
sideration the contraction laws. We find in typical casea 
of increased excitability that not only, e.g., Ka.Cl,C. oc- 
curs with fractions of a milliampcre, butthat the An.Cs. 
occur with currents not much stronger, and that the Ka. 
O.C, or even Ka.Cl.Te., occurs with current strengths 
by which normally we hardly produce a Ka.Cl.C, ; but 
if we increase the current still more, we can, with cur- 
rents not particularly strong, »ee reactions which in 
the normal muscles would occur only with current inten- 
sities so great that they are uotgenenilly used in practise 
— namely, An.Cl.Te., An.O.Te., or, as I once saw in 
a case of tetany, Ka-O.Te. Here we should remem- 
ber that it is not a question of the qualitative change in 
the normal contraction schema, but to a certain degree 
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only a more rapid occnrrenoe of the same. The saceeB- 
sion in the occnrrenoe of any single contraction factor 
remains the same, and the form of the contraction, too, 
in pnre increase of excitability is normal, lightning-like. 

The pore increase of excitability is nearly a pathog- 
nofnonic sign of tetany. It concerns almost invariably ^ImtorTShmj 
both cnrrent qualities, seldom the galvanic current 
alone. Its presence makes possible a differential diag- 
nosis between real tetany and similar diseases, with an 
approximate certainty in doubtful cases, especially cer- 
tain hysterical conditions, due to contractions occurring 
spasmodically in the muscles of the forearm and the 
leg. In the latter cases we usually do not find increase 
of the electrical excitability. 

In children, in whom tetany frequently occurs, it is 
sufficient, in order to confirm the diagnosis, to show that 
in one nerve, the median nerve, the Ka.Cl.C. occurs 
with less than 0.7 ma., the Ea.O.C. with less than 5 ma. 
Very often in such a case the An. O.C. > or = An.Cl.C. 
(L. Mann). The possibility of producing without 
difficulty galvanic An.Te. (or even Ea.O.Te) like- 

Indlcttei Ttue 

wise indicates true tetany. The increase can affect mus- i^uny 
cles as well as motor nerves. The part of a report of an 
investigation, given on page 106, offers an example of 
such a case (a nineteen-year-old young man affected with 
true tetany). 

Besides tetany, there are isolated cases of cerebral pa- 
ralysis (recent or strongly spastic hemiplegia) in which 
simple increase of the excitability was found ; and also 
several observations of tabes dorsalis in the first stages 
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and several peripheral nerv'e palBies (facial and radial) ; 

in fix latter cases increase in excitability lasted for days 

or weeks. 

Yw oftener than increase we get the opposite change, 

mm th«pure diminntion of excitability. If a motor nerve 
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or miiBcle ehowB the minimal contraction only with cur- 
rent strengths greater than the normal, we speak of it as 
decreased excitability. This disturbance also affects 
either one or both kinds of current (the latt«r more fre- 
quently) ; and again, the change is proved by compari- 
son with the healthy side in one-sided affections, and 
with the help of the Stintzing tables when both are 
affected. With the galvanic current, a larger number 
of milliamperes, and with the faradic, a current of smaller 
coil distance ((.e,, greater strength) is required to pro- 
duce the minimal contraction on the diseased than on the 
healthy side of the body, or in healthy individuals. The 
galvanic contraction formula is unchanged and the char- 
acter of the contraction is normal. 
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We find the decreased excitability without qnalitAtJTe 
BbDormality in a uiunber of morbid conditions which 
fonnerly were treated collectively under the name of 
atrophies f i-om disuse, but which now often rightly receive 
an entirely different explanation. To these belong, e.g., ' 
the atrophies that appear in joint affections (in musclee 
that' are contiguons to the diseased joint), also those that 
appear with laxations and bandage fixation (e.g., after 
operation for phlegmon), and those that appear in fract- 
ures near the joint. We can designate them, briefly, ar- 
thritic or (as they often are named) "reflex atrophies."* 

If in snch atrophied muscles any electrical change can 
be demonstrated — which is not by any means always the 
ca^e — it issimply diminution. Assoonas thereaction of 
degeneration shows itself, we must assume a complica- 
tion, e.g., a neuritis of a neighboring plexus. 

There are also to be mentioned here the atrophies fol- 
lowing cerebral paralysis— that is, in the region of the 
central motor neuron, in apoplexies, softenings, etc., cmtmi 
with resulting mono-, hemi-, or diplegias. If any elec- ^'"'p'*" 
trical change is to be found in these, it is also only a 
quantitative change (mostly decrease of the excitability). 
In many cases of this kind the electrical excitability Is 
normal through out. 

In regard to tho sigDiSconct: of the scomlDg qualitative cbanga 



^B^ 'The nuwt wideipreiu] conception is that In the joint disease al- 
terations are produced reSexly in the anterior hom-cells. which are 
not marked enough to be anatomically proved at the lime, tiut still 
•ufflcient to cause simple muscular atrophy of the kind descritied, 

kreOex trophoneurosis. This view ia supported experimentally, but 
■till lemaiiu an hypothesis. 
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totm that is called forth in Buch muscles 
through the conLraction (faradic " pseudo "•contraction tacdioesa) see 
page 137. 

cWuDiD DMua "^'^ '" ^^^ other diseases in the region of the central 
motor nenrons, in which the peripheral neurons remain 
intact- — that is, in the column diseases of the spinal cord 
(spastic spinal paralysis, myelitis, multiple sclerosis, and 
in certain hemoiThages, softenings without involvement 
of the anterior horns), in diseases of the peduncnii cere- 
bri, and of the pons and the oblongata (without dam- 
age to the gray matter and the motor cranial nerves), 
there is either no electrical abnormality or mostly sim- 
ple diminution, for both currents or for the faradic 
alone, seldom for the galvanic alone. 

Simple dimiutitioii, furthermore, accompanies a tmm- 
ber of atrophies, whose genesis is unknown (perhaps 
they really are atrophies). These are the atrophies in 
certain cases of tabes and functional neuroses, particu- 
larly hysteria. In these latter cases exact determination 
of the electric^ conditions is especially important if it 
is a case of hysteria of traumatic origin, and if the ques- 
tion of simulation or aggravation is t« be answered, be- 
cause damages for an accident are claimed by the pa- 
tient. A positive result of the electrical test — that is, 
the linding of positive diminution of excitability— will 
permit exclusion of simulation ; a negative result>, how- 
ever, permits of no conclusion. 

Finally the diminution of excitability, with a normal 
condition in the quality of the contraction, is also a 
characteristic accompaniment of atrophies which owe 
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their origin to a disease of the muscles themselves (that 
is, of the peripheral ends of the motor spheres). It is 
principally the different forms of progressive mnscnlar 
atrophy or myopathic progressive mnscnlar atrophy (in nrrtropiiies 
contrast to spinal progressive mnscle atrophy so named) 
that come into consideration here. These are the pseudo- 
hypertrophic, the juvenile, the infantile, the Landouzy- 
D^j^rine form of myogenic atrophy, all of which are 
collectively designated by the above name. Here the 
determination of the electrical reaction frequently has 
a direct differential diagnostic significance, especially 
when it is doubtful if a progressive atrophy is of mus- 
cular or spinal origin — that is, is due to disease in the 
anterior horns. Whereas in the muscular forms there is 
either no electrical alteration or only a simple diminu- 
tion (at one time small, at another time so great as to 
amount to extinction of excitability, still in every 
case always purely quantitative) ; in the spinal diseases^ 
in which it is a question of changes in the region of 
peripheral neurons, there usually occurs reaction of 
degeneration. In these cases we shall be able to make 
a local diagnosis. 

Of course it should not be overlooked that even in 
cases of spinal origin the reaction of degeneration is 
often not present, or present only at isolated points; for, 
when a spinal atrophy proceeds slowly, so that in the giowiy 
muscle under investigation fiber by fiber is destroyed, Jiju^S** 
and the fibers that are actually undergoing degeneration 
at one time form a small minority, and the same cur- 
rent finds either ''an overwhelming majority'' of intact 
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fibers or of fibres that have folly changed to connective- 
tissue (sclerosed muscle-fibers), in many oases a re- 
actiou of degeneration will rarely appear. There will 
rather be quite a normal excitability in the muscle in 
which the pi'ocesB of atrophy is begiimiiig — however, 
a muscle in which the process is advanced, in proportion 
to the number of contractile parts pi'esent, will ahoir 
either simple diminution or loss of excitability. 

This pheuomenou we actually find iu many cases of 
progressive muscular atrophy, in chronic poliomyelitis, in 
amyotrophic lateral sclerosis, in progressive bulbar pa- 
ralysis, etc. In such cases the gist of the matter is that 
an electrical examination has a differential diagnostic 
value only when D. B. isactaally found. If in doubtful 
cases the investigation shows simple dimiuntiou without 
qualitative changes, then a muscular disease is probably 
but not certain; if it shows the D. B., then in general 
we may assume that a spinal disease is presenL 

Ttere are. Id xiie tixvtMure of the subject, several cases of wbitt to 
ftU appeanuima h pusitivu uiyopaUiy — described as progressive maa- 
cuUt dystrophy— In which D. R was found. This would conmi- 
diet the Ian set forth above, which sUtes that D. R. occura only 
In diseases of the peripheral oeuroD. The caae a&re certainljr few. 
still they are to be taken into cooaidentioD. So tar we have not 
drawn from them the coucluiion that there me posilive exceptiona 
to the law named : now we rather incline to the acoeptaoce tliat 
tween the spinal and the muscular tormj of progressive atro] 
irausitlaDal sta^M may exbt. so that there is do sliarp bouodaij b»> 

■ I know that this stalement is open to attick. and I state poal- 
tlrely (hat it bonly hypotheUoil So kin^. however, as we know 
mo better one, it maj' aerre to help the tteglaoer to undentand Ibf 
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tween iheni, and ibst even the so-called muscular forms m&y, per- 
bapa, be tmced to affectioos of Ibe anterior boms — not deinoiutm- 
ttblewithour present metbods In general, what we have said above 
In regnrd to tbe differentkl diagnosis holds good in spite of these 
Isolated observations. In regard to Uie diflerential diaguoals be- 
tween spinal and cerebral paralfsesof children, see page 115. In 
the next division will be discussed more fuUy tho fact that, after 
thediaappearance of seven! degenerative periphcraJ paralysis, dltnln- 
labed excitability, without qualitative disturbances, may remain for 
a very long time as tbe sole electrical change. 

Id regard to the degree of the diminution in various 
diseases it is generally slight in real atrophies from dis- i 
use. Here the diminutiou also is limited very often to the 
faradic current alone, and in these cases we must be par- 
ticularly cautions in making the diagnosis of " diminished 
excitability." It lies in ttie nature of the methods of 
the investigation that, in determining the faradic mini- 
mal contraction of two symmetrica] muscles, slight dif- 
ferences will be found even in entirely healthy persons. 
There is difficulty in seeing minimal contraction, and 
the beginner frequently gets false results if he is 
not careful to have the muscles which are examined 
relaxed, or if the point at which he is examining them 
is not the most excitable. If during the investigation 
the electrode plate becomes dry, or if it is slightly dis- 
placed or turned over, the results of the examination 
will be altered. And, furthermore, we miLSt remember 
that in Quite healthy persons there are anatomical differ- 



body. If as a result of such anatoniioal variation the 
notor nerve which is being iuveatigatetl lies considerably 
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deeper on one side tbau ou the other, so that it has a 
til icker covering of electrical couducting-tissue over it, 
in this covering tissue a larger fraction of the current 
(in any case a greater fraction than ou the other side) 
will bo lost by the formation of current streamers befote 
the current reaches the nerve. Therefore in the deeper- 
lying nerve the excitability will seem tiO be diminished, 
tho this is not actually the case. The same thing may 
happen if the subcutaneous fat-tissue is more developed 
on the one side than ou the other (L. Maun), or if there is 
a collection of fluid (t^ema) in the subcutaneous tissue. 

Summing up, we must say that slight diminution of ex- 
citability — that is, a difference of a few millimeters coil 
distance (C. D. ), or fraction of a milliampere must be ver- 
ified through repeated i-eexaminations before it can be rec- 
1 ognized as pathological, especially if the disturbance does 
not affect both kinds of currents in the same manner, or 
if in a larger equally diseased region the various mus- 
cles or nerves show entirely different results, e.g., the one 
increase of excitability, the other decrease. Only wheu 
several investigations always give the same results may 
we speak with any degree of certainty of the deci-eased 
excitability. Double-sided affections uaturally require 
particular caution. In this case we should diagnosticate 
a pathological process only wheu there are very consider- 
able deviations from the Stintzing average values. 

In diseases in the region of the central motor neurons, 
in hemiplegic atrophies, and the like, the diminution or 
increase of the excitability does not attain a significant 
degree. Since contractions frequently occur here, so 
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that a relaxation of the examined mnscles is not possible 
for a length of time, we must be very caatious in using 
the minimum values. 

The arthritic atrophies show occasionsdly a stronger 
degree of diminution; the greatest are found in pro- 
gressive atrophies, and in the above-mentioned forms 
(page 110) of slowly progressive spinal atrophy. In this 
case the excitability for both kinds of currents de- 
creases quite regularly more and more until it becomes 
extinct. 

Absolute extinction of the excitability of the muscle 
shows that the contractile substance is not present in any 
considerable quantity in the muscle examined. This 
anomaly may be the final result of the D. R. or of the 
progressive diminution. Extinction of the excitability Kxttnction of 
of the motor nerve in itself does not prove anything in 
r^ard to the anatomical condition of the muscle supplied 
by it. Direct muscle examination is required for that. 
We shall discuss this further in the next division. 

(B) The Quantitative-Qualitative Changes. 
Reaction of Degeneration (D. R, ). 

When those diseases in the region of the peripheral 
neurons which lead to muscle d^eneration exceed a cer- 
tain minimum degree, we usually find an abnormality in 
the electrical reaction of the nerves and muscles in 
question, whose essential characteristics are : 

(1) Quantitative changes — namely: ReJcttOTToi' 

(a) A sinking and extinction of the (faradic and gal- i^**"*^**^" 
8 
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s and of the faradic ex- 



vanic) excitability of the 
oitability of the muscle. 

{b) Xow au increase, uow a decrease of the galvanic 
excitability of the muscle. 

(2) Qualitative changes, particularly : 

(a) Tardiuesa of the galvanic muscle contraction, and 
eventually 

{b) Deviatioua from the normal course of the contrac- 
tion laws. 

This complicated anomaly of reaction vhich accom- 
panies the anatomical change in muscle degeneration and 
which is restored in a certain natural manner to a nor- 
mal condition, when the muscle degeneration gives way 
to a regeneiutiou, has been discussed, after Baierlacher's 
preparatory work, by Erb (1868). Tho it was studied 
first by Ziemssen and Weiss, Erb first designated it by 
it8 present name of "reaction of degeneration" (D, R,), 

The disease conditions in which the D. E, may occur 
are, as can be easily understood from the above (see 
scheme of the course of fibers, page 99, Fig. 2(1) essen- 
tially the following: 

(1) Diseasesof the medulla oblongata, i.e., of the brain 
stem with involvement of the gray muclei of the cranial 
nerves; also the different forms of bulbar paralysis 
(acute, chronic, progressive), hemorrhages and softea- 
the brain stem, etc. ; also hereditary or early ac- 
quired cases of facial paralysis, of which, of course, only 
a part is of nuclear origin, also belong here. lu these 
cases the D. R. is found only in the r^ion of the af- 
fected crauial nerve. If the pathological process should 
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also affect at the same time the fibers of the pyra- 
midal tract, which ran through to the spinal nerve, 
in spite of this, their disease, condition would not lead 
toD. R 

(2) Diseases which attack the anterior horn cells of 
the spinal cord : poliomyelitis anterior acuta {e.g. , ^^ inf an- Anterior Horn 
tile spinal paralysis'' *), subacuta and chronica, as well 
as progressive spinal muscular atrophy f ; while, as has 
been said above (page 109), D. R is usually missing in 
myopathic muscle atrophy, t^irthermore D. R is pres- 
ent in hemorrhages and softenings in the anterior horn ; 
in formation of swellings, especially gliomatous (syrin- 
gomyelia, Morvan's disease) ; in inflammation of the 
entire transverse area of the spinal cord (transverse 
myelitis) ; and in the amyotrophic lateral sclerosis, an- 
terior-horn and lateral-column disease (lateral-column 
affection alone, e.g., the secondary descending, or those 
with combined system or idiopathic diseases, the so- 
called sx>astic spinal paraljrsis, whose anatomical sub- 
stratum to be sure has not yet been demonstrated, will 
not lead to D. R). Also diffused foci of an inflamma- 
tory or sclerotic nature, if they have their seat in the an- 
terior horn, may cause D. R in the muscles supplied 
therefrom. 

(3) Diseases which affect the roots of the cerebral or 

*The 80-called cerebral infantile paralysis (seat in the cerebrum) 
shows no D. R., but either simple diminution or no anomaly at alL 
This may sometimes be of use in differential diagnosis. 

t D. R is also present, as a rule, in Hoffmann's neural form of 
muscle atrophy. The anatomical substratum is still a matter of dis- 
pute. 
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Bpinal nerves; meniugeal diseases of different kinds, if 
tiiey are associated with considei-able involvement of the 
nerve-trunks; vertebral diseases of tuberculous natnre, 
or tumors which originate in the vertebrje or meniugea 
and constrict the nerves. These kiudsof cases will prob- 
ably be, on the whole, infrequent. 
i (4) Diseases of tlie periphei-al nerves theinselvca: I 

(a) lujuries, principally through bruising; witbtbesftil 
belong the relaxing paralysis of the arm nerves; tike 1 
peroneal pressure paralysis {e.g., after child-bearing); 1 
the pressure paralyses of the ulnar, radial, and median 
nerves, which are caused by callus and tumor pressure; 
likewise those paralj'ses which occur in the nerves of the 
upper extremity through the carrying of loads, or dur- , 
ingsleep. Theso-called oceupatiou-atrophies should alB»J 
be noted here, as also the paralyses which result from 1 
cutting (saber thi-usts, et«.), particulai-ly often displayed J 
at the nerves of the upper extremity, or which occur J 
through operative separation, e.g., at the facial in I 
glaud oi>erationB, the hypoglossus, etc., or through lae- 1 
erations. 

Of chemical injuries accompanied by D. R. there is to 
be mentioned paralysis after ether injection. 

Particularly frequent is the " rheumatic " facial pa- 
ralysis. 

(&) Indammations of the nerves. On the one hand, 
those that are secondary, as, e.g., certain facial pa- 
ralyses in diseases of the ear; on the other baud, the 
idiopathic, that are mostly either of toxic natai-e, as 
lead paralysis (this particularly prefers to affect the fore- 
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ann extensors*), arsenical and alcoholic neuritis; or of 
infections nature, as diphtheritic neuritis, infectious 
multiple neuritis, or beri-beri ; as well as neuritides oc- 
curring after influenza and typhus, etc. f 

(c) Less frequently tumors of the nerves them- 
selves. 

We can distinguish different degrees and kinds of Different 
D. B. according to the intensity of the lesion — ^that is, ac- 
cording to a greater or lesser rapidity of its development. 
We can especially separate a complete form, in which 
the typical characteristics are most clearly seen, from a 
partial form, which presents, as it were, only a sketch of 
the symptom picture. The complete form includes — ac- 
cording to the prognosis of the underlying diseases — a 
"benign " and a "malignanf variety, of which we des- 
ignate the first as curable, the later as incurable. The 
benign variety is divisible again into a slight and a mod- 
erate form, which are distinguished from one another 
only by their duration, and of which the slighter is rath- 
er infrequent-. We can, then, in general distinguish the 
following tyi)e8 : 

(1) Complete D. R 

(a) Slight. ) ^ ^, 

(6) Moderate, f^'^'"^^ 

(c) Severe. — Incurable casea 

(2) Partial. 

* D. R. has also been found here in muscles which were not yek 
paralyzed or never became paralyzed. Isolated unexplained occur- 
rences of this kind have been observed in several other diseases. 

t The facial paralysis in so-called head tetanus does not occur 
with D. R Its peripheral origin is doubtful. 
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IL Ck>MPUBTB D. R— 8EYSBB FOBM. 

Stages 1 and 2 as in the above scheme, then follows: 



Stage 8, 6th 
to 10th 
week. 



iKDIRBCr 
(NlRYI) EXCITABIUTT. 



Tandlc, 



Remains ex- 
tinguished. 



Gmlranlc. 



Remains ex 
tinguished. 



Diaicr 
(Muscle) Excitabilitt. 



FtaMlic. 



Remains ex- 
tinguished. 



GftlTBIliC 



Sinking to ex- 
tinction, re- 
mains tardy 
(An. >Ka.). 



m. Partial D. R 





INDIRKCT 
(NKRTI) EXCrrABIUTT. 


DiRKCr 

(MUSOLB) ExcrriBiuTT. 




FandJc 


GalTanlc. 


TMnOic. 


Gftlnuilc. 


BUge 1, 1st 


Normal, in- 


Normal, in- 


Normal, in- 


Normal, in- 


week. 


increased or 


creased or 


creased or 


creased or 




decreased. 


decreased. 


(somewhat 
later) de- 
creased. 


(somewhat 
later) de- 
creased. 


Stage 2. 2d 
to 5th week. 


Normal or 
decreased. 


Normal or 
decreased. 


Normal or 
decreased. 


Increased, 
tardy con- 


Btege 8, 6th 


Becomes nor- 


Becomes nor- 


B^mes nor- 


traction (An. 
>Ka.). 
Becomes nor- 


to about 


mal. 


mal. 


mal. 


mal. 


12th week. 











Or else (in diseases with slow or progressive course). 



Stage 3, 6th 
to 10th 
week. 



Sinking un- 
til extin 
guished. 



Sinking un- 
til extin- 
guished. 



Sinking un 
til extin- 
guished. 



Shikhig until 
extinguish- 
ed, contrac- 
tion remains 
tardy (An. 
>^). 



To onderstand the tables the following stages may be 
noted in which the relaxed i>aralysis of the radial nerve 
can serve as an example: 
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Dijnaion I. — Slight nnd Moderate Complete P. R. 

StagP I. Initial stage. The electrical changes do not 
occur at once, e.g.. immediately after receiving an in- 
jury, but a few days (from five to seven) later, as do 
likewise the visible auatomical changes of the nerves, 
and partionlarly of the muscles. About this time we 
find that both in the stimulation of the nerve itself (in- 
direct stimulation), and in the stimnlation of the sepa- 
rate muscles supplied by the nerve (direct stimiUation), 
the excitability is simply diminished for both kinds of 
currents. To produce a minimal contraction, stronger 
faradio and galvanic currents are required than on the 
normal — that is, the healthy side. The form of the con- 
traction is normal ; the contraction law shows the nsaai 
coarse. Frequently diminution of the direct muscle ex- 
citability occurs somewhat later than the indirect — that 
is, about the beginning of the second week. Sometimes 
a temporary condition of increased excitability pi-eccdes 
the diminntioD of the muscle and nerve excitability. 

Stage 11. Crisis (loint of disease. If we investigate 
the same nerve later (p.p., the bruised radial, about i 
the second to the fifth week), it becomes apparent that 
its excitability as well foi' the galvanic as for the faradio 
current is entirely extinguished.* 

If we now try the muscles dii-ecUy supplied by the 

'Usually the chaugea (diminution, eitinclion of the cxcilablllt}', 
etc.) for the galvanirr and faradic current in nurve stimulation and 
for the faradic In muscle stimulation take place nearly simiiltane- 
ousljr. But in this direction also there are numerous exccplionB of 
widely different kinds. 
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paralyzed nerve, we observe that these do not react to 
the strongest faradic curreot. On the other hand, they 
not only react to the galvanic current, but there is in- 
creaaed excitability (the minimal Ka.Cl.C. occurs with 
mnch weaker correnta than on the healthy side; with 
comparatively very small currents, we see An.Cs., and 
especially Ka.Cl.Te).* 

These quantitative disturbances are accompanied by , 
a second qualitative element of change. The galvanic ' 
mnscnlar contraction has lost the normal, lightning-like 
character. It has become tardy (" worm-like "). It be- 
gins slowly and ends slowly. It often happens, too, in 
this stage that the Ka. closure is not', as in the normal 
contraction forms, the first stimnlatioa element, which 
is followed by contraction, but that the An.Cl.C., or the 
An.O.C appears with weaker currents. This symp- 

*Tboee cases of paratyses \a which nltli stimulation aa the 
healthy side we get muscle cuntractioDS on the diseaaed side are ei- 
plained by increased excitability of rlegencraUDg muscles, especially 
ia the facial. Probably there are current stresmerB that ai 
strongly and quickly on them, because of increased excitability of 
the diseased muscles, than Uie ciiirent closely applied at the eicl- 
Ung-point does od the healthy muscles. Off and on, however (espe- 
cially on the chin and lip muscles fn facial paralysis acquired In 
early youth), this phenomeuon Is to be traced to the fact thai bun- 
dles of healthy muscles extend over to the diseased AAe. Isolated 
cases in which the excitability is not at aJl increased, but decreased, 
and in which stimulation of healthy muscles is followed by reaction 
of the symmetrical diseased ones remain unexplained. (It may be 
that this is connected with the abore-mentlaned formation of "vir- 
tual " poles.) Likewise unexplained are the appearances of reflex 
contraction in the healthy facial muscles with stimulation in the 
region of the diseased muscles, as seen in facial paralyses of all 
I, particularly often in central lesions (Bemliardt), ConcerniDg 
reflex contraction compare also Chapter IH., page 60. 
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torn, which we designate the revereal of Uie contraction 
law, is, however, not constant. It m not an abaolnte re- 
qoirement for the diagnosis of D. R. 

The chief characteriattc of the D. R. that is pathogno- 
monic for it and to be depended apon it the tardy contrac- 
tion. 

It In li frcciiicnt occiHTonci; that the most excitable point of the 
degeacmlfd diubcIg cliungea Its poaltioD. Tliu excitability is no 
longer greatest a1 tlic point of nerve entrance, liut fartber toward 
one of the muscle cniia. Id this fact of the increased cxcitabilItT 
of the end parts of tbe degenerated muscle lies tbe eiplanatjon 
of the above-mentioned occuircnce — the reveiwal of the contrac-' 
tion law, according to Wicner'a remarkable OAperiments. Accord- 
ing to Wiener, this phenomenon rests on the elimulatlon of the- 
excilable muscle ends by tbe so-called "virtual kntiiodes," nhick 
appear at tbcae points as soon as the An,, aa exciting electrode, ia 
, applied on the middle part uf the muscle. With llie negative CKciting 
clei^trode, on tbe other hand, ttic end parts of the muscle are reached 
by the slightly effectual "virtual anodes." With normal muscles 
the ei citation -point and the most eicltable point coincide In the 
middle of the muscle. Thus with An. stimulation the virtual 
kathodes, which appear at the muscle end, find relatively few ex- 
citable points. The reaction there is usually a reversed one. Only, 
as Wiener has found from positive physical grounds, the penniform 
muscles often normally show a reversal of Che contraction formula 
{e.ff . at the Interossil of the hand), and at tlie deltoid this 
quently be proved. Moreover, by virtual poles we understand thoee 
supposed points In the Interior of the body at which the current 
conducted to a nerve or muscle leaves It again. 

Usually we find also that in this stage the mechanical 
muscle excitability (e.g., tired throngh striking with tbe 
percussion-hammer) in increased, and moreover that this 
contraction takes place tardily. 
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Whereas, in slight attacks, this stage of the "crisis'* 
laete about two to live weeks, in more severe forms it 
takes much longer, abotit fifteen to twenty or thirty 
weeks, before the electrical current shows a change in 
the sense of a recovery or muscle destrnction.* 

The numbers given are only approximate, as, of 
course, are all the numbers in the table. Often forty 
weeks, even a year or more, pass without a possibility of 
proving any real tendency to change in the diseased 
region, either electrically or functionally. And still, 
despite this long time, the reaction may return to the 
normal. In many cases there begins only then: 

Stage III. Stage of the regeneration. There appears, ( 
in rare cases about the fiflh to the eighth week, gener- 
ally about the fifteenth to the thirtieth, a gradual return 
of the indirect (nerve) excitability for both kinds of 
current; also the "faradic muscular" (that is, the 
faradic direct) excitability returns again— in the begin- 
ning only for strong currents, later for the same current 
Btreugth as on the healthy side. At first muscle contrac- 
tione appear in one or two muscles, gradually in more, 
with indirect stimulation (with one or both cur- 
rents), or with the direct faradic stimulation. And at 
abont the same time the galvanic muscle excitability, 
which before showed an abnormal increase, sinks to the 
Donual, or often below the normal. At the same time 



\ 



'Tbeae latter, Uie moderate cases of Uie D. R., wbich show the 
flret tendency to recovery after flftcen to twenty weeks, are very 
much more frequent than the slight cases that generally run thdr 
course in six to eight or twelve weeks. 
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— and this is practically importaot — the form of the con 
traction loses its tardy character. At first it has an UO' 
decided appearance. It is no longer "worm-like," tho 
Ktill distinctly slower tlian normally; then gradually it 
wholly loses its tai'dy character, and at last liecomea 
again "lightning-like." If the "reversal of the contrac- 
tion law " ha* l)eeii present this also becomes rectified — 
An, contractions = Ka,CI.C. until finally the Ka.Cl.C. 
again preponderates. 

Stage rv. Finally all has become normal, only the 
excitability (particularly the mnaculai) generally re- 
mains dimiuislied for some time, subnormal, without, 
however, any other qualitative abnormality. 



Siibdim 



I Il.—Seivic Cotuplrip 1). R. 



In the casein in which the lesion is of such a nature that 
recovery oiu not take place (r.g,, in severings of the 
continuity of the nerves that remain permanent), the elec- 
trical investigation presents the same picture as in the 
slight and modenite cases. 

Stages I. and II. run their course in the same manner 
as with the curable cases. Toward the end of the first 
weekdecrejiseof the indirect as well as of the direct exci- 
tability for both kinds of current occurs; in the next 
weeks there occur entire extinction of nerve excitability 
for both currents, and extinction of the direct muscle 
excitability, e\en for the strongest faradic current, w-hile 
the galvanic miiscular reaction shows the t>T)ioal picture 
of the P. R.— increased excitability, tardy contraction, 



CHANOE8 IN THE REACTION 126 

etc Bat instead of the Htage of regeneration now 
comes: 

Stage HL The stage of absolute muscle <lestmetUni« Ahm^mtiMm 
The indirect excitability from the nerve continues ex* '^"^'•••^ 
tingoished, as well as the direct faradic muscle ttJuAt' 
ability. The increased galvano-muscular excitatiilitjr 
sinks as with the curable cases, but it sinks fskr tmUm tim 
DormaL and the eontraetion does not become qnUiker, but 
leaiaiiift taidy . SomeCuwwit even seems tober^omemimi 
tanly and diaggiii^ with time:. The i-KnArsu^Um fr^rmnk^ 
aho ckaibg«d^ dMyw% no tendency Uf relom U$ ibe norwaL 
Finally, a (qimfie worm-like fanrjdaly erj«itraeti#jpfi miv be ob' 
taiiKil wifiii very rtrong ewfreots; at bsl Ibis also dls^ 
apiMtauniw Tk** lUMdieHtiiKiie m dtt^nt^^^ aftd ^mmstiUfif 
tsHBer JiuM CalEttni tittr fkatut of tbe enwlfaMitile MutiwImMiR. 

Ikft* poctnal] IDt 8L j^mniHini^ ai^ iis wiwtv a irikelbdk sif (Om; MMMit-it 

aiiiigi^HflHMrihftflfi tr^qj^iiQU) j^msaamr (si iwmi^feltitr fjt BL. 

Im ifi wi- dine (fiinikmRuwi lUf tdift^ ercminaiitiiliiltjr Aiv fbidb 
knubtif itnrmnc, witSi ffiivws a» wiHli a» wlitti iudbiwi 
<ninnfnrinn; ftiw^finfi ifttt- ««iffl (i<f (flK- ilms wwAl. ^JMak 
sjiiniid)s( LuiOTuywit <ir mirmiii <WRihsifttliJn; ^ubm^ #«lfifht. 

flUf^CL Hi Ttift ^vlnwvaif wwt&si» ttiUflNVPNW, fttMW; 
fimii3» rmfaximainn -if tihft* <«e«iittHiUnst :: hnc fflU- #(«tiinii^ 
kOitrp 'if ttifi' iifir^t ut ^M -.m rbtir ftmod^ ^mtMMiJ^ i» 
nfitHiiflfC: lif«r m^miv ^^^ ffimtknutom duim- 'ir Uvsr 
dttnns- ffrnruiAmtt? im; mmaitti ate» etOMf MvttMl 



normal. 

Bat the partial D. R. sometimefl take 
feient and not so favorable course, 
demonstrated in progressive disease, 
myatrophies, syringomyelia, etc, ani 
diseases in the region of tlie central ce 
eral motor neurons. 

At first the same electrical cooditii 
noted, appear here. But the diminatic 
and direct faradic excitability remaii 
months and eveu years; and excitabi 
sink, but does not rea«b extinction, 
also the gal vano- muscular excitability, 
Binks to the normal, often far below t 
the contraction reUiins its tardy charac 
tion may remain, or there follows after 
tion of the excitability on the whole li 
as well as the indirect, for both kinds c 

Id tbfi slowly progressing eplnal myatropb 
BptDBil disease) we find three forms of electrical 

FrequeDt. 
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(3) The just described form (which ve na,y call the " maUgnant" 
form) of partial D. R 

The &rst and third forms are dlatinguiahed in appesiance and 
oalj bj the fact that, with the "maUgnant" partial D. R, 
the gal Tano muscular cootraction ia more or lesa tardy, while in the 
almple progress! vt> dimlnutloD it remaioe lightoing-lilcG. 

The search for ooe of the different forms of D. R. and 
the discovery of the prefieat Htage of the same has (1) a 
local diaguostic, (2) a prognostic, oceasioaaliy also (3) a 
therapeutic valua That which is worth mentioning in 
relation to local diagnosis has already been sufBciently 
discnssed abovf. D. B. shows (for exceptions see page 
138) auiDvolvementoftheperipheralmotornenrous. At 
what point in these nenrons the disease is located further 
investigations — that of the nubility, the sensibility, the ne nefuiMH of 
redexes, the history — must show. Lack of D, R., to be 
proves nothing against an affection of the peri- 
pheral uerve-unita Only in such cases its presence is 
by far most frequent. 

After what ban been said and with the help of the 
tables, we can usually decide without difficulty as to the 
stage of a disease, as to the intensity of the D. R., and 
accordingly as to the duration and prognosis of the in- 
dividual ca^e. Tbe ImtKHtaDce 

For instance, if a patient with a rheumatic facial pa- ^ 
ralysis is examined by the physician three days after the 
lesion appeared, and the electrical investigation shows 
no deviation from the normal, then tbe patient shonld 
be asked to come again after three or four days. If on 
the seventh or eighth day of the disease there is still no 
change, then it is very probable that complete D. R. wilj 
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not occur. It is possible that either partial D, B. or' 
simple quantitative dimiuutiou of the excitability may 
still develop, or the normal coudition coutiuue. It tB 
otherwise if attliis time (that is, at the end of the first or 
the beginning of the second we«k of the disease) diminu- 
tion of direct or indirect excitability, or of both, appears. 
Bveu then it is still possible that it will go no farther 
than pni'ely quantitative diminution, or that it maj' be a 
question of the beginning of partial or complete D. K. 
1 This can be deteiiniued with certainty usually iu tbe 
second, or at the latest in the third week after the lesion 
has occurred ; if at this time tardy contraction appears 
anywhere iu the muscle, with galvanic stimulation, then 
the presence of D. B, is positive. In the examination 
particular attention should be given to the/onn of gatimito- 
vtuacular co>iiraetio7i. Usually there will then occur also 
at the same time increase of the galvauo-mnscular exci- 
tability (often also a reversal of the contraction formula). 
And at the same time, or a little later, it can be de- 
termined if the D. R. is paitial or complete. If the 
nerve excitability and the faradic muscle excitability 
disappear, then we have to deal with complete D. R. ; if 
it does not disappear, then with paitial D. R. It is im- 
material whether the excitability is normal, diminished, 
or increased. In the last ease the duration of the dis- 
ease will not be longer than from six to twelve weeks; 
with extinguished indirect and faradic muscle excitability 
the disease (the rare cases of slight complete D. R. ex- 
cepted), will endure, as a rule, from six months to a year, 
but may remain incurable. 
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This last, very important, prognostically significant 
differental diagnosis — namely, that between the moderate 
and the severe forms of D. E. — nsnally can be made not 
at this time, but only later, generally only after the 
eighth to tenth, often after the fifteenth to twentieth 
week. K at this time a return of excitability is found 
at any of those places where it has been lost — eg., if we ppo^nortic sum 
again see a contraction with strong currents after in- 
direct (nerve) stimulation in any one of the muscles 
of the diseased region, or if a muscle up to this time 
unexcitable reacts directly to the f aradic current — even 
tho only with greater current strengths — it is a sign that 
the case is probably curable. The more muscles that 
directly or indirectly become excitable, the more favor- 
able is the prognosis. If, however, none of this follows, 
then is it of importance to notice the form of the gal- 
vanic muscle contraction; for if the galvano-muscular 
excitability sinks, and the formerly tardy contraction 
becomes more rapid, then the prognosis is in general 
favorable (see Table, Stage in. , of the moderate complete 
D. R). But if, on the other hand, the galvano-muscular 
excitability decreases, and the contraction remains tardy, 
or even grows more tardy, then the prognosis is in gen- 
eral unfavorable. Then it is a case of the severe form 
of complete D. R (see Table, Stage in. of the severe 
D. R). Of course, one should wait a long time before 
making an unfavorable prognosis. After thirty and 
forty weeks, or even after a year, we may see a return 
of the excitability and a return to the normal galvano- 
muscular reaction. 
9 
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We ahall uot give any fiu'tber examples, but call atr 
teotion to tht^se pfactically importaot facts: 
^«ei^[^oenunic J rpijg J, jj Yios a special prognostic significauc« in 
several forms of periphenil paralyses. They are the so- 
called rheumatic facial paralyses aud certain pressure 
paralyses, e.y., the radial relaxing paralysis, occurring 
during sleep, etc. Paralyses of tluB sort are in the ma- 
jority of cases curable, aud we can distinguish three 
groups of them : 

(a) Paralysee without D. R., curable usually in from 
two to three weeks. 

(6) Paralyses with partial D. R., curable in from 
about six to twelve weeks. 

(c) Paralyses with complete D. R. (we have to desi 
here usually with the moderate form), curable usually 
in from six to uiue or twelve months. 

In all such cases we can generally give the patient liifl 
prognosis at the end of the first week, or in the second 
week ; if at this time we find a normal electrical condi- 
tion, tlien we have to deal with a case in group (a) which 
is cured usually in from two to three weeks. If at this 
time we can prove partial D. R. , then the disease will 
usually end aft«r eight weeks. If, on the other hand, the 
indirect excitability and the direct faradic are extin- 
guished, D. R. occurring at the same time with galvano- 
musGular excitability, then at least from six to nine 
months must pass before a cure can be effected, if even 
in this proguostically favorable case it can be effected at 
all. 

2. While most cases of spinal ami bulbar (especially 
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progressive) diseases, as well as traumatic aud rheumatic i 
lesions of peripheral nerves, can be classified under 
one of the types given above (and while the electro- 
diagnostic tracing of the changes present may fnrnisli 
valuable aids in diagnosis and prognosis), still in cer- 
tain forms of disease (especially in many neuritides, 
secondary, toxic, or infectious, and in the various men- 
ingitides, etc.), tJie table very often leaves us in the 
lurch. To be sure, it may be used iu these cases cam 
grano tali*, and particularly the prognostic difference l>e- 
tween the complete and partial forms of D. R. can, as a 
rule, be shown here. But in their course these cases 
offer so many irregularities, which depend iu part upou 
external accidents (continued action or temporary cessa- 
tions of toxic influences, etc.), that real types for the 
course of these diseases can not be set up. (In regard 
t« lead paralysis, see page HT, in fine print.) 

3. In pamlyses the loss or the disturbance of the 
active muscle mobility through the impulse of the will 
is as little synchronous with the electrical changes as : 
is the eventual return of this mobility. In one case 
paralyses appear first, and the electrical changes follow 
—for instance, in most cases of traumatic paralyses loss 
of motion appears immediately aftei' injury, but It. R. 
appears only after a number of days — and at another time 
an electrical change foretells a long time in advance the 
beginning of paralysis or paresis in a muscle otherwise 
apparently intact (e.g., in progressive spinal paralysis, 
in lead paralysis, etc. ). In such cases the electrical dis- 
covery is naturally of particular significance. In dis- 



132 



ELECTKO-DIAONOaiS 



^ 



eases whicli are (iapable of regeneration the voluntary 
innervation usually I'eturus earlier than the reaction to 
the electrical stimulation, >Still there are numerous ex- 
ceptions to this. J 
I 4. Ill oiauy caseis the muscles in the region of tlun 
paralyzed nerve ai'e not all affected by the paralysis, or 
not all ia the same degree. Accoi-diugly, the various 
muscles act quite differently under electrical stimulation. 
This is easily comprehended if we think of a myogenic 
disease which creeps, us it were, from muscle to muscle, 
or if we think of a disease which affects the muscle i 
directly, e.g., a trauma. (As discussed above, page 109, ,■ 
the electrical changes in such cases will usually be* 
of a purely quantitative nature.) The occurrence of 
partial pai'alysi» would be more difficult to uuderslaud 
if it were a question of a disease of the peripbei-al nerves 
or of the ceuli'al organ. ■ 

Tlie following ADaUimlcal data will Tacititate the underBtandlng oi-fl 
thea£ facta: I 

(it) TheBplnal snterior boro motor cells from wliicli tlie motor tm>4 
I pulsea are cooducled to any partirtilar muscli' of the body do not Its 
at a single level in the spinal cord ; uo the coutrary. the central-cetl 
representation of a single muscle \3 often diatrlbuted through an en- 
tire series of transverse gegment-t. ■ 

(b) On the olher hand, seveiul different uiuaclts are often repn- ■ 
senled by cells on the aanie level. I 

Theaeeompanying schematic Ugiire(I^g. 27) will explain the coii- 
cluglona rcaxiltiiig from these facts. Let us take as .in example the 
nerve X We sec from the scbeinaiic drawing that this nerve re- 
i^lvealta filamentsfrom three levelu: Levels 1., II,. and III. I^velL 
first sends flIaiueniB to a muacte .1. wtiich receives fllamenls frem 
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nowhere else, uid, Becoodly, a fllameDt to a muBcle B, which re 
the greater number of its BlameDts from LeTels U. uid III. Level II. 
acDda besides a filament to the musde C, which also receives a flla- 
meiit from Level III. Now let us assume that a central disease de- 
■trojB Level I. oa one side ; then the muscle A must degenerate com- 
pletely, since all the cells and fibers supplying It will degenerate. 
The muscle B will likewise be Injnred, but so little that, aa the mass 
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of its dlaments is received from elsewhere, either no real loss of 
flbera could be proved functionally or electricallj or the cbangee 
would be only of a slight nature. The muscle C would remain en- 
tirely intact. It in such cases we should stimulate electrically the 
trunk of the nerve X, we would, indeed, get muscle contraction in 
the region supplied by it from both kinds of currents; but not all 
the muscles would contract, only muscles B and C, while with the 
muscle .1 no contraction would occur. If we now stimulate the 
sepanW muscles directly, we should find muscle A faradically in- 
eicltable and showing gal vano- muscular D. R. In muscle B wc 
should find either an entirely normal condition or slight quantitative 
diminution of excitability or diminished famdic excitability with 
gilTano>muscular D. B. (partial D. 'R.). The ihUMle would show 
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noklodofcfaainge. We shnulii tlius have three muscles in the region I 
of the nerve X; of tbme the one, miiBcti' A, would show cotnplcU 
D. R. (It is indirectly and faradically diroclly unexciiable and baa 
galvano iDiiacnlar D. R.), AnnLber. muscle B, would show a 
Dormal coaditloti or simply dimiDution uf or partial D. R. The i 
third, muBcle C, would show a normal condition. 

Sufih partial paralyseJi of a nerve region, in which the I 
I individual muHcle>H supplied from this nerve show an , 
entirely different nutritive, functional, and electrical 
condition, are extraordinarilj' frequent. We find them 
particularly in diseases which affect the central cells or 
peripheral motor neurons— that is, in spinal (or also 
in bnlbar) affectioua; e.g., in acute poliomyelitis of 
children it is a very common occuiTCnce that with the 
"1^ type" of this disease, in which the peroueus 
region is most severely affected, the tibialis anticus 
muscle shows complete D. B., while the other muscles 
show only a more or less slight injur)' or remain en- 
tirely intact. MuUitis muUtndia, this is true in many other 
cases of spinal disease. 

But also in injuries or other disea^s of the peripheral 
uerve filaments it often happens ihaX not all the fila- 
ments of a nerve become diseased in the same manner, 
altho with the relatively small transverse area of the 
ner\'e-trunk a partial involvement of the same must be 
more serious than a pai'tial affection of the locally 
widely distributed (central) cells iu the anterior horn. 
In the fiber affections, the toxic paralyses especially, the 
disease selects certain muscles, as it were, of a particu- 
lar nerve region; e.g., in lead paralysis only siugle 
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moBcles of the radial region become diseased, as a. rule. 
The extennore and the long abductor of the thumb, as 
well a» the snpiiiators (sometimes also the extensor carpi 
olnarifi), as a rule, are not affected by the paralysis. In 
these cases we will, to be sure, get a contraction from 
the radial nerve with electrical stimulation, contractions 
of some but not of all the muscles supplied by the 
radial nerve, and in these iudlrectly inexcitable muscles 
we will find different electrical changes, at one time 
stronger, at another time slighter. These partial pa- 
ralyses with D. B. (complete or partial) of one or several 
mosctes in the diseased region the beginner must not 
confuse with partial D. K. 

The same electrical changes that are found in lead 
paralysis and other toxic paralyses occur also in periph- 
eral fiber diseases, e.g. , in rheumatic and traumatic affec- 
tions.* 

Frequently, to be snre, if we see a different electrical MnereoiRmr 
reaction in different mnscles of a diseased nerve region „g,„ b««1oo 
{e.g., in some complete, in others partial D. B.), tliis isa 
sign of beginning regeneration. In this sti^e a return 
of the formerly extinguished excitability is the rule; and 
this retnrn usually takes place by one group of fit>ers 
recovering after another. Often, however, there is a 
partial, more or less entire, e-scaping of individual mus- 
cles present from the very beginning in fiber diseases of 
this kind, to which escape an analogous electric reaction 
corresponds. 

• They are found particularly often in congenilal facia] parslyie*, 
or In thoic acquired in early childhood <»ec page 118), 
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It appears from what has been said that it is necessary 
for every investigator, particularly for the beginner, in 
every electrical exiiniination : (1) to investigate di- 
rectly, if possible, all muscles of the diseased region ; 
(2) in indirect stimulation (from the nene) always to 
observe whether all the muscles supplied by this nerve 
contract, or if some do not respond. The latter case we 
may recognize in many instances if the contours of the 
muscles stimulated fail to spring into relief, or by the ab- 
sence of a particular muscle function from the com- 
bined action which follows from the uerve stimulation. • 

Appendix to D. B. 

There are still several phenomena to be meutioned 
that are occasionally observed in the D. B., without, 
however, having any claim to particular diagnostic or 
prognostic significance. They must be named simply 
because in many cases they might appear strange and 
puzzling. 

So far we have spoken of tardy contraction as a sign 
of D, E. only with direct muscle stimulation, and by 
stimalatiou with the galvanic current. 

'Tliiis, 1 keep to the abovo example in a degenersUoD of the 
tibialis unticuB muscle which follows acute anterior poliomyelitis, 
electrical stimulation of the peroneal nerve Is followed by contrac- 
tion nf the peroneus muscle. But, first, the contour of the tibialis 
BoticuB does not spring into relief, and secondly, the dorsal straight 
upward Hexfoa of the foot, which after peroneal stimulation nomuil- 
ly follows, in this case occurs outward and upward : only the outer 
tiorder of the foot will be lifted, and not the inner, from which we 
may easily conclude that the lifter of the inner border of the foot — 
Uiat Ib, the tibialis amicus — falls lo respond. 
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1. Bat there are cases in which indirect galvanic 

stimulation shows tardy contractioa. These naturally 

can only be eases of partial D. R.* 

Such cases of partial D. R., with indirect tardy con- loaura tu 

Conmcttoa 
traction, occur frequently in peripheral fiber ("" 

We must, however, be aparing of the diagnosis ' Indirect ci 
tloii tardiuesi." If, for exampk', tbe acrve-trunk is very near the 
muscles supplied liy it. as Ib the facial Dcrve, whea ezamiuiug for 
the nerve cxeilabilily a seeming indirect tardy coatractiun may b« 
produced by current streamers in tbe very cxdlable muscles (Id 
Stage II.) despite complete inexciMbility of the ncrvo: only if the 
nerve Is far distant from the muscle which contracts tardily with 
indirect stimulation (e.g., the extensor digitorum communis brevis 
from the peroneal nerve), may the observed tardiness of contracUon 
be simply described as real Indirect Ijtrdbess. In other cases, con- 
trol trials are necessary. (See also page 131. footnote.) 

(2) Occasionally also faradic tardy ('.ontractiona are ob- t 
served in degenerated muscles. Faradic tetanus does not 
b^n then, as normally, with a jerk, nor does it end, as 
in the normal, immediately with the current opening, 
hut— just< as with the galvanic D. R. — the tetanic cou- 
traction creeps in slowly and the contracted muscle again 
relaxes slowly. This has been described as faradic 
D. R. Its similarity to the galvanic consists in that 
tbe faradic excitability also may be increased in such 
caaes. Tbe cases are infrequent, but undoubtedly do 
occur. 

* Either of the partial D. R. uniH atrietiori. or of that stage of 
complet« D. It. which resembles tbe partial — that is, the initial or 
tbe regeneration stage. These stages of complete D. R. we also 
occaaiooally designate u9 "partial D. R." 
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Here, loo. wc muBt beware of confusiuD ; for witli muscles l.bat 
are contracU^d voluntarily or InvoluDtaril; (i^.;,. through contract- 
ore), a Becmlng tardjr faradic contraction la often produced from 
the fact that the rigid muscle yields only gradually to the electrical 
Blimutstion with the Blow relaxing of the tension. This faradic 
"pseudo-" contraction tardiness has nothing to do with the just 
meniioncd so-called faradic D, R. The beginner must simply un- 
derstand that tardy faradic contractions are not frequent. 

If, besides the galvano-muscular, there exists also indirect and 
faradic contraction tardinesa, then we speak of "obligatory con- 
' traction tardiness." 

In the concluRion of this chapter we shall recnr to 
Romething which has already been touched upon before, 
namely, except ious to the law of the D. R. Ou page 110 
it was mentioned that I>. R. has been found in some 
cases of myopathic muscular atrophy — that is. In a dis- 
ease whose seat is supposed to be outside of the per- 
ipheral motor neuronsinthemuBcles. Likewise in cases 
of dieease of the central motor neuron (namely, in cere- 
bral hemiplegias) D. E. was observed here and there in 
• the paralyzed muscles. It might seem from this that 
the "law of D. R," (see page 103) does not hold without 
exceptions; as a matter of fact, this conclusion has not 
as yet been drawn. Those cases of dystrophy with D, 
E. have, on the contrary, rather led to the conjecture 
that dystrophies are all or iu part not of muscular 
genesis, but rather owe their origin to spinal (ante- 
rior horn) disease ; and for those hemiplegias that occur 
witli D. B. a "secondary associated disease of the an- 
terior horn" isasBiuned, to which the appearance of de- 
generation should be attributed. Whether these ezpla- 



CRANGES IN THE REACTION 



139 



I 



^H oations are correct, or whether later other coDCloBions 
^m may be drawn from these highly interesting cases, cau not 
^m be determined at preeent. But this remains certain — 
and especially the beginner should hold fast to it in spit« 
of the cases mentioned — that they are only exceptions, 
very infreqnent exceptions, and that for the overwhelm- 
ing majority of cases the D. R. constitutes a positive, al- 
most infallible local diagnostic sign in the sense above 
given. 

Other Quantitaiive-QiiaJitaiive Changes. 
In many cases of muscle atrophy, independently of 

»the factwbether they are degenerative or simple atrophy, 
certain changes in the electrical excitability occur which 
are composed partly of quantitative and partly of quali- 
tative factors, and which, altho they are not important, 
are t>e5t discussed in connection with D. R. These 
changes, which do not permit of a local diagnostic coa- 
dnsion, as should be especially emphasized, but only in- 
dicate a presence of muscle weakness, are: 

1. The diminution of the maximal contraction and 
the contraction in bundles. Until now we have always 
used its minimal contraction for the detennination of 
the escitability of a muscle, and compared the current- 
strength with which this occurred with that which caused 
(contraction of a symmetrical muscle or the correeponding 
muscle in healthy ]>ersouf. But it is of interest to note 
how the contraction of the muscle suspected of atrophy 
takes place. Beginning with a minimal degree of 
strength, we gradually increase the current, permitting 
I it to become ever stronger. We see then iu normal 
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mnsoles that the faradic cnntraction — the faradic tetaoy 
— graduaUy becomes more iDtense up to a certoui 
limit beyond which an increase of the contraction 
does not occur; and that the galvanic contraction 
{Ka.Cl.C.) gradually changes to tetany, which again 
gradually becomes stronger, till it reaches its limit. The 
same is noticed in atrophied and in degenerating muscles 
— mutatis m^ttandui. There are, however, cuises in which 
even with the strongest current the muscle contraction 
hardly exceeds the minimal contraction ; it contracts no 
more with strong cnrrents than with weak. This is a 
sign of weakness of the muscles. This may be practi- 
cally of interest if there is, in the judgment of the phy- 
Hician, simulated muscle weakness, or if this weakness is 
found in cases of progressive atrophy in muscles func- 
tionally still intact. 
' With this reaction -anomaly of quantitative nature, 
there is often joined one of qualitative, the bundle-like 
contractioQ. The muscle in question, being stimulated, 
ooutracta not in toto, nor even to a considerable extent, 
as happens noi-mally. Ooly a few bundles draw them- 
selv^ together, which then apjiear as a narrow, slightly 
prominent ridge. This bundle-like contraction must not 
be associated with the decreased maximal contraction. 
Both abnormalities occur separately, and both abnormal- 
ities — separate or together — may be united with one of 
the forms of D. B. From the two named distorbanoes 
in themselves no conclusion as to tiie kind of atrophy 
present can be drawn. 
2. The myoclonic contractions. The same is true of 
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these as of the exceptions mentioiied; they, too, prove Myoclonic 

Contnctioni 

nothing but a presence of weakness or of atijophy ; they 
have no local diagnostic significance and occur in asso- 
ciation with other anomalies (particularly often with 
bundle-like contraction). They consist in this, that the 
f aradic current causes no tetany, but only several single, 
rather clonic contractions of the muscle-substance, which 
follow each other more or less rapidly during the current 
closure.* 

If one of these changes has been found, it is well to 
include in the report an adequate descriptive remark, 
thus: 



Anterior por- 
tion of the 
deltoid 
muscle. 



Right. 



Fluvdic. 



100 mm. coil dis- 
tance (diminished 
maximal c o n - 
traction, bundle- 
like and myoclon- 
ic). 



GalTanic 



Fandic. 



100 mm. coil 
distance (nor- 
mal). 



OalTADlC 



(c) The Purely QualUative Changes. 

The purely qualitative changes in the reaction of the 
muscle and motor nerve are rare and may be discussed 
briefly. At present there are known : 

1. The myotonic reaction. In myotonia congenita Myotonic Re- 
(Thomsen's disease), the main symptom of which, as ^'^^^ 
is well known, consists in that in voluntary inten- 



* Do not confound with this the fibrillary muscle contraction, 
which la to be seen in normal muscles for a time after current open- 
ing if they have been subjected to lengthy faradic stimulation. 
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tioiial muscle coutractloD the 00011*00^1011 outlasts the 
voluntary stimulatdoD — the muscle coutraction contlDues 
longer than it intended to. We fiud that a correspoDd- 
ing lingering of the contraction takes plaoe, as well with 
mecltauical a^ with electrical Btimulatlou. If we strike 
a myotonic muscle, the muscle bulge stimulated by stri- 
kiug spriugB into relief in toto, and remains so for a long 
time. The same occurs with faradic stimulation a long 
time after the current is opened, and when the electrode 
is removed we see the contracting muscle standing out 
hard, rigid, and in sharp relief. Quite gradually the 
contraction subsides. It is well to distinguish this from 
the "terdy contraction" of D. R. The myotonic con- 
traction begins with a jerk ; the tardy contraction creeps 
in very gradually ; the myotonic contraction occurs as 
well with the faradic as with the galvanic closing stimu- 
lation (generally more decidedly with faradic). The 
tardy contraction almost always occurs only with gal- 
vanic (in exceptional cases with faradic) stimulation; 
the tardy contraction also does not last so long by far as 
the myotonic in the cases mentioned. Any one who has 
Been it once will recognize it immediately and will never 
confuse it with the myotonic. 

We see this change, which seems pathognomonic for 
myotonia,* particularly with dii-ect muscle stimulation, 
less often with nerve stimulation. At the same time the 
quantitative conditions are normal; only off and on is 
the galvanic excitability increased, 
' In the same disease we occasionally find Erb's waves, 
* It Beems to occur ulso \n CBses of Bucalled myoIODia acquisila. 
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^H a further qualitative abnormality. If we coudact a 
^H rather strong galvauic current through the myotonic 
^H muscle and allow the electrodes to remain after the car- 
rent is closed, we see wave-like movements in the dis- 
eased muscle, that proceed from the Ka. over the muscle- 
belly to the An. 

A kind of counterpart to the myotonic reaction is: 
2. The myasthenic reaction (Jolly), probably path- i 
{^uomonic for myasthenia gravis pseudoparalytica (or 
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asthenic paralysis). The principal symptom of this dis- 
ease is tliat of fatigue. A voluntary movement, repeated 
several times, is performed more and more imperfectly, 
and, finally, can not be made at all. Such exhaustion is 
also demonstrated by electrical stimulation. If we stim- 
nlate a myasthenic muscle with the faradic current, after 
it has rested, there occurs at the first stimulation a nor- 
mal tetany; but with each following stimulation the 
tetany will be shorter and less intense, and finally, after 
several successive stimulations, the muscle becomes Inex- 
citable. After a short rest this may be repeated again. 
This reaction does not occur in all cases of myasthenia, 
and may in tlie course of one and the same caae disap- 
pear and reappear off and on. The same hotda for the 
myotonic reaction, 
3. The neurotonic reaction. E. Bemak and Marina 
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Tbe Neunxoniu have eocli observed a change of electrical excitability in 
one case (Bemak witb a degeneration, probably pro- 
gressive spinal atrophy; ftlarina in a case of hysteria) 
which was distinguished (1) by lingering of th© eoutrao- 
tiou duration analogous to that described iu myotonia, 
but with the differeuce that this phenomenon was ob- 
served, not with muscle stimulation, but with only nerve 
stimulation (faradic and galvanic), and (2) by the early 
appearance of the An.O.C. as well as the Ka.Cl.Te., and 
also the easy production of An.O.Te. What significance 
these reactions have can not as yet be deteruiiued. . 




CHAPTER V 

THE ELECTRICAL INVESTIGATION OP THE 
8ENSOBT OBGANS AND OF ELECTRICAL 
SENSIBILITY 

Analogically to the contraction law developed above Tbe Eiaemeai 
(page M ff.) for the motor apparatus (the motor nerves Flash or Ufht 
and the muscles), which says essentially that this motor 
apparatus reacts most easily to the Ea.Cl., with more 
difficulty to the An.O. and An. CI., and with most diffi- 
culty to the Ea.O., Brenner, Bemak, and others have 
succeeded in proving that the sensory apparatus — 
namely, the higher sensory organs, eye and ear — also 
respond in a regular manner to the various excitation 
elements: most easily to the Ea.Cl. ; with greater diffi- 
culty to the An.O. ; with most difficulty, sometimes not 
at all, to the Ka.O. and An. CI. The reaction in these 
organs occurs (but not always in all persons) if we apply 
an indifferent electrode to any place (say, on the 
sternum), as in the muscle stimulation, and an exciting 
electrode of small diameter directly on the eye or ear, 
and then change the exciting electrode by means of the 
current-reverser, first to An. then to Ka., employ dif- 
ferent current-strengths and make openings and closures 
of the galvanic current. 

The reaction shows itself in the case of the eye as a 
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flash of light (usually colored), in the ear as a sound. 
Thus we cau establish a. law fur the flash of light in the 
eye and for the sound in the ear, just as we have estab- 
lished a law for muscular con traction. The Ka.Cl.S. 
(sound) and the Ka.Cl.F. (flash) occur normally with 
the weakest current*. 

The same discovery has been made for smell and tast«. 
While the muscle eoutractiou law has a signiCeauce, 
tho uot a very great one, iu certaiu pathological coudi- 
tions (see the "revei'sal of the contraction law"iu the 
chapter "Eeactiou of Degeneration"), tho expectatioafl 
entertained at firet that the same would hold true of the 
souud aud the flash law have not as yet been realized. 
To be sure, there are cases in which deviation from this 
law occurs, but there is hardly a case iu which the devia- 
tion makes a diaguosis or prognosis possible or assists 
them in any way. Therefore, scientifically interesting as 
they are, these matters will not be discussed here, since 
they are a matter of indifference for the practitioner. 
It is otherwise with the electrical investigation of the 
Electrical Law or akin sensibility. This investigation, the practical appli- 
biutj cation of which can uot be denied, is quite different from 

those mentioned before; it tests the reaction of the skin, 
not with the galvanic,* but with the indnction-cnrreut, 
and it is uot a qualitative investigation, as in the eye and 
ear (iu which, perhaps, the stimulative effect of the dif- 
ferent current manipulations should be taken into con- 
sideration) ; it is rather a question of a purely qualitative 
factor. With the application to the skin of tJie foradic 
"Bembarilt lias also experiiaciiteU with galvanic tests. 
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current with a certain current-strength, normally there 
occurs a sensation, comparable to ants creeping over the 
skin, which increases to a painfol degree with the grad- 
ual strengtheoiug of the current. Consequently, we are 
able to detenniue a minimal seosatiou for the faradic 
current, just aa we can a minimal muscle contraction. 
This sensation may change under pathological conditions 
(diminution, iucrease, or extinction). 
The sensibility of the shin for the faradic current — the The r»fruio-ciii»- 

Dcous SeiulblLlIT 

laraao-cutaQeons sensibility — is of a peculiar kind. How 
far it is identical with one of the other qualities, and 
by what path it is conducted, can not be decided at 
present. In any case it must not be identifieil with the 
sensation of pain pixxluced by the faradic current. Only 
beyond a certain strengtli does electrical, as well as all 
other stimulation, become painfnl. 

We try the farado-cutaneous skin sensibility in the 
following manner: The patient sits with his back 
toward tlie apparatus. A lai^e, indifferent, well-moist- 
ened plate-electrode is applied somewhere in the middle 
line of the body. At that point on the body where the 
electro- cntaneous sensibility is to be tested an uncovered 
electrode of small diameter is placed. 



We use b.a uutovered, unmoistened. metal electrode, because 
with such & one the skin realatance is not overcome; tbusonlya 
few current sLrcamcra enter into the deep-tying tEsaiics, and the sur- 
face of the skin, wbicti is the thfog we arc invrailgaitng. Is reached 
by a gTHit coQccntration ot the current, almoat tlie whole of it. 
Particular electrodes have been conatructed for the use of senribil- 
Ity investigation; the must tiuulliar i-i Erb's "acuaibillty electrode" 
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Allowing tlie elecilrode to remaiu stationary on tJie 
point to be examined, and taming on the faradic car- 
rent, b^lnning &t the greatest possible eoil distance 
(thus employing the vreake^ current), we posh the sec- 
ondary coi] of the indnctioD -apparatus very slowly over 
the primary, having instrnded the patient to say "Now" 
at the moment when he feels the firet slight crawling at 
the investigate«l point. We must call the attention of 
the patient to the fact that (he test depeuds, not on his 
feeling a pain from the cnrreiit, but on his telling if he 
ba» a slight sensation. This precaotion is often over- 
looked, and. therefore, false results are obtained. 

We note the coil distance with which the n 
sation occurs, and we mark tlie investigated point of tlie 
body with a colored pencil. Then, perhaps after a 
pause, we repeat the experiment ouce or twice in the 
same miuiner and compare the separate results. Then 
we proceed in a similar manner with the corresponding 
point on the other side of the body. The results on both 
sides correspond almost exactly in a normal condition — 
at least to a few mm. C. D. (coil distance). 

tn pathological oases of one-sided ^nsation -anomalies 
we ha^e iu Ihe difference of coil distance between th« 
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symmetrical points of both sides a computable measure 
for the disturbance of sensibility present. In such cases 
the electro-cutaneous investigation has, first, the advan- 
tage of exactness in recording the status; secondly, the 
greater advantage of being able in the course of a disease 
process to follow by means of a sensitive test the changes 
for better or worse in the abnormal sensibility present. 
For diseases affecting both sides the method is of most 
value in the second-named sense. We must not, how- 
ever, forget that the induction-apparatus does not give 
constantly comparable figures in an absolute measure, as 
does the galvanic, and that in the course of time it 
changes considerably by wear and tear. 

The electrical sensibility test often finds a further and Fu«do cuuneov 
useful application which it is well to observe. If a per- D^Mg© ^ ^ 
son who is to receive damages because of accident or dis- 
ablement, or who is to be compensated on the ground of 
private agreement for an existing disease, declares dur- 
ing examination (as often happens) that he has disturb- 
ances of sensibility for any one of the qualities of feel- 
ing,* it will be desirable, since the statement of the in- 
terested person may be untrue, for the investigator to 
have an objective control over his subjective statements. 
The farado-cutaneous testing offers a sort of control, tho 
not a certain one, in many cases of this kind. A man 
who is simulating or exaggerating a disease will also at 



* Such disturbances particularly are often alleged by people in 
whom it is a question of some functional nerve disease. The 
hysterical "one-sided hypesthesia " is well known in the dicle of 
sbysten and those advised by them. 



Beparato statements, especially if there 
tween, will not tally with each other. 1 
an attempt at unmasking can be osed < 
are positive reeulte, for in the region of ( 
qualities there are disturbances in wh 
ciitaneoQS quality has not appreciably at 
indeed one may really have skin sensa 
and yet show the normal minimal scnf 
faradic apparatus. Rise of the electro-ol 
bility has t>een found in tetany. 

Finally, it is to be mentioned that, besid 
cntaneouB, there is the electro-muscular sec 
with high current strengths is felt as pain; 
in the muscles. How far this is ideutioal i 
of electrically produced muscle contraott 
discussed here. The fact is, that in patho 
in which the faradic muscular excitability : 
or greatly diminished {e.g., in peripb 
paralysis), despite the fact that scnsibill 
can not be proved with the usual methods 
current streogthscanJ^fiJlfiUl&Jl&JlitUilfe 
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and the electro-mnscnlar pain. If the mnscnlar i>ain is 
lost entirely, or almost entirely, from the fact that a 
mnsele contraction does not take place (e.g.^ in per- 
ipheral x)araly8is with extinction of the excitability), it 
is easily understood that stronger currents than in the 
normal are required to cause pain. 



CHA1*TER VI 

BEaiSTANCE 

Altho the test of the resistance (R.)aml of its dis- 
turbance lias for the practitioDer ouly slight liiguificjuice, 
still for the sake of completeness its essentials will be 
discussed iu tlie following. 
, Aa has often been mentioned already, the humun body 
ofiTeni resistauco to the electrical current. Besides the 
body, the medical application of the current finds other 
reslslHQoes: the resistance of the cell itself, that of the 
metallic couductiug-parts, and, very particularly in the 
German apparatus, more or less German-silver reeistauce 
of the rhe'ostat, according to the position of the rheostat 
handle. The greater the resistance which the current 
encounter.s on its way from the cell to a muscle, the 
weaker, cderis paribtis, will be the strength of the cur- 
rent which is efifective on that muscle (that is, with the 
same number of cells — the same electromotor force). 



E. 



E 
; reversed R. = j=j^ (see page 11), 



Iu many cases it is interesting to determine, nnmer- 
ioaUy, how great especially is the body resistance, be- 
cause under certain physiological and pathological con- 
ditions changes of this resistance occur. We have, as 
already stated above, a unit of measnre for the electrical 
152 
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resistance by meaos of which we can exprefis it in nnm- 
bers — namely, the ohm (see page 12). 

Now, how shall we reckon the body resistance in a 
special caset This is done by means of the so-called 
"substitution method," according to the following very 
simple direction : 

If we moisten two electrodes of a galvanic apparatus msihod ro 
and place them with their surfaces iu direct contact, then i,11!!?**f*l 
include iu the circuit a desired numt)er of galvanic cells 
{say, e.g., 20), and move the handle of the rheostat (that 
is, remove so many German-silver rods from the main 
circnit) until the galvanometer shows the desired num- 
ber of nia. {e.g., 4 ma.), then this simple computation 
will follow by means of the Ohmian law: 4 ma. =. 



Expressed in words this equation i 



In 

order to produce a current-strength of 4 ma., wc need a 
certain fraction of electro-motor force of the inclnded 20 
cells with the arrangement mentioned, namely, one large 
enongh to equal the resistances present in the circnit. 
But these are principally the German-silver resistances 
of the excluded rheostat contacts. On the rheostat con- 
tacts there are nimibers, according to which we can read 
at once, from the rheostat resistance- table accompanying 
each apparatus, how many ohms of German-silver resist- 
ance have been included. E.g. , we read from the position 
of the rheostat that it points to 6. The resistance-table 
says: "6 = 26,000 ohms." With the rheostat resistance 
of 26,000 ohms, a current of 4 ma. fiows through the 
well-moistened electrodes from the 20 cells. 
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Now, if with (he arraugement of the apparatns un- 
changed, we inclnde some part of the haman body in the 
circuit by applying the electrodes, for example, on both 
sides of the forearm, we will at onc« see that now the 
galvanometer needle indicates a smaller current Btrengtb, 
e.g., H ma, C. has become smaller, despite the fact that 
E. has remained the same. This can be only because R. 
has increased ; the resistance of the body has been added 
thereto. Now we push the handle of the rheostat for- 
ward clockwise; we exclude rheostat resistancefi until 
the galvanometer needle again resumes its former posi- 
tion — that is, indicates 4 ma. Now the rheostat handle 
stands at another contact, e.g., 30; the resistance-table 
says " 30 — 1,090 ohms. " Thus, in order to get the same 
current-strength with the resistance of the body that we 
had before without it, 26,000 - 1.090 ohms = 24,910 
ohms of resistance had to be excluded from the oironit 
In this case the body offers this amount of resistance. 

It has already been said that of all the tissues and 
organs of the body the skin offers so much the greatest 
resistance to the corrent that all other body resistances 
(and also the resistances of the good conducting-parts 
of the apparatus), practically need not be considered. 
This rule goes so far that even the greater or lesser dis- 
tance between the two electrodes applied to the surface 
of the body practically plays no part in comparison with 
the skin resistance directly under the electrode itself 
(see page 13, footnote). If, then, we wish to determine 
the resistance of a certain part of the body, we have only 
to reckon the resistance of the skin of this region. In 
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order to invefitigate this local rcsietance most conveni- 
ently, we shall apply both electrodes in this region — as 
it were, include the region between the two electrodes,* 
Above (eee page 14) we have already remarked — and 
this is of a certain diagnostic and therapeutic significance , 
— that the skin resistance changes while the galvanic 
current is passing through it. It sinks as the current 
begins to take effect, so that, by this lowering of the B., 
after a long current closiug with stationary electrodes, 
the C. gradually becomes greater, as we can see from the 
galvanometer. This sinMng does not continue indefi- 
nitely, but after a certain time it reaches the point at 
which the current-strength (relative constant resist- 
ance) t remains constant, as compared with the primary 



' Now, if we wish to get oomparable resotts ia regard 
to physiological processes or pathological conditions, we 
must ottserve three things in the method of experiment- 
ing given above : coi«t»ni 
1. We must always note the constant (final) resist- ''"'»«*°™ 

I aoces — that is, we must permit the current of this de- 
sired strength (in onr example the current of 20 cells) 
to take effect for a time with the electrodes unchanged, 
before we reckon the resistance. Hence if, as we as- 
Btimed. we had cut out so many rheostat resistances at 
the beginning that the galvanometer needle showed 4 ma. , 

* Only we must not place the electrodes bo close to each otber 
I that their surfaces touch, tor then the current nlll go directly from 
I electrode to electrode without reaching the body. 

t We Snd out the atisolutc constant resistance by allawing strong 
[ ennents (5 to 15 ma.) to take thorough eflect. 
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then we wait several minuter; durlDg this time we Bhalf 
see the needle move gradually of its own accord farther 
(in and indicate 41, 5. 6 ina.. etc. We wait until we 
see that no further movement nf the needle occurs, show- 
ing that the current -strength does not increase (i.e., the 
resistaueo does not t>ecome lower). This point is reached 
usually after a few minutes. Now we grasp the rheostat 
handle again, move it back to the point of be^Dning 
(4 ma.), and reckon the body resistance by means of tlie 
table and in the manner which has Ijeen described. 

2. We must also always take into consideration the 
first rcsistauce and the difference between this and the 
constant. 

3. Finally, we must always observe the time that the 
' resistance requires to sink to the constant point. 

The two latter conditions differ widely with different 
circumstances. In the aged the primaiy resistance is very 
high, but often sinks rapidly and considerably. Differ- 
ent points of the body also behave differently in ivlation 
to resistance. It is best during the entire duration of 
the investigation of resistance to obt«F\-e, watch in hand, 
the galvanometer needle, and to note its position every 
half-minute till the cooslaut point is reached. 

Besides this, the following may be noted with refer- 
ence to physiological points: 

The skin resistance is generally lower: (1) At 
places that lire usually covered with clothing. (2) At 
places with tender skin or with no epidermis (for in- 
stance, in mncoos membrane) or with no growth of hair. 
(3) At sweating or moistened places (dry electrodes on 
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a dry skin o£fer absolate resistance to the galvanic cur- 
rent) . * (4) At points that contain many hair-follicles or 

gland-ducts, t 

The skin resistance can be artificially diminished: (1) 
By moistening the skin and the electrodes. (2) By soak- 
ing the skin and the electrodes with warm or salt water. 
(3) By current manipulations (particularly current-re- 
versing) ; and, finally, as said, (4) Through continuous 
application of the current. 

According to what has been said, it appears that no 
definite numbers can be given for the resistance of the 
various parts of the body. First resistances of 37,500 
ohms, and absolute minimal resistances of 1,300 ohms 
have been found. Eulenburg has found in the head the 
average resistances of 1,200 to 1,600 ohms. 

Pathologically there are found : 

(a) Diminutions of E. : (1) In Basedow's disease (rapid 
reaching of the relative constant) ; (2) in hysterical an- 
esthesia (Yigouroux); (3) in ^Hraumatic neuroses in 
the head '' (Mann ) . VMiaaoin of b. 

(Jb) Increases of B. : (1) in scleroderma (local in- 
crease of the relative constant); (2) in myxedema; (3) 
in elephantiasis and similar afi'ections ; (4) in infantile 
hemiplegia (Yigouroux and Mann). 

* AgainBt the faradic current the skin resistance plays so small a 
part that it may be practically disregarded. 

t We mu8t here remember that these places offer entrance, as It 
were, to the "current-threads.** 
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CHAPTER VII 

GENERAL PART 

Before the details of the electrical treatment of dif- 
ferent diseases and diseased conditions can be discussed, 
two preliminary questions must be answered: (1) Has 
electro-therapy any therapeutic value at all t (2) Where- 
in does this therapeutic value finally liet 

Some authors and practilioners deny that electrical 
treatment has any curative eflfeot at all. Approximating 
this absolutely skeptical attitude, which certainly lacks 
all justification, there is the view that the efficacy of 
electrical treatment is due to the psychic factor in it — value of the 
that is, to suggestion — rather than to any specific thera- ^^™™°* 
I>eutical quality. Well-known nerve specialists share 
this view. 

If this view is correct, then a special method in the 
application of the current for healing purposes is wholly 
superfluous. The principal point would be to work 
on the mind of the patient through the peculiar sensa- 
tion of the current, through the impression made by the 
complicated apparatus, by the accomplishing of the most 
striking effects possible (muscle contraction, flashes of 
light before the eyes, reddening of the skin, etc.). The 
same effect might be attained also by any number of 

other methods. In this case, then, it would become a 
11 161 
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matter of secondary importance, if DOt of absolnte in- 
difference, whether the faradic or galvanic current, the 
An. or the Ko., a larger or smaller electrode, should be 
chosen.* 

We must emphasize from the beginning the fact tl 
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a very considerable part of the electro-therapeutic i 
suits must be accepted as psychic. The same tberapea-j 
tic results are often attained from the applicatiou of 
the most various, even apparently opposite, methods; 
disease symptoms are occasionally removed, when, by 
mistake, no current has passed through the applied 
electrode; and there is a whole scries of similar and 
frequent ob9er\'atiou8 that permit of no other explana- 
tion than that of psychic causes. It is, however, an inJ 
correct conclusion, if we infer from tbese facta thaH^ 
electricity worts only psychically as a remedy ; it will 
rather be a question for every unprejudiced person 
whether, besides this acknowledged psychic value, there 
does not esist auotliGr, a specific curative value of tliM 
current ■ 

It seems highly improbable from the very beginning 
that the electrical current which produces such mighty 
physical and chemical effects outside of the human body, 
and which has so many important physiological relations 
to the body itself (especially to the nervous system), 
should remain entirely without effect on diseases of the 
body, and especially on those of the nervous system. 
Numerous physiological experiments have demonstrated 

• Even purely suggestive effects are increaaed by esact mt'thoda. 
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the effects of the electric current on the healthy body 
(contraction -exciting, vasomotor, refreshing, electroton- 
ic, et«.); such effects, moreover, are not required for 
curative use by the sick Ixnly. The daily practical ex- 
perieuce of medical authorities who have i-ecognized cer- 
tain ele«tro-therapeutic methods as snccessfnl, either 
empirically or supported by certain theoretic considera- 
lious, enforces this demonstratioa ; and, iu addition, 
there are certmu recent concrete cases wherein the ap- 
plication of the usual current-strengths (without sugges- 
tion) has produced a specific healing effect. There are 
to be meutioued: (1) E. Remak's series of exact clinical 
experiments in radial paralysis, which by their uumbef 
prove incontestably that a certain method of treatment 
shortens the healing period; and (2) experiments on 
animals, iu which the psychic effect does not figure, and 
in which artificially produced disease (paralysis, B. 
Friedlaiider) seemed to be recovered from more rapidly 
with the application of the electrical current than with- 
out the same. 

To be sure, the aneqtuvocal fact«, from which we can ,^ g, 
exactly determine the specific curative effects of the '"*"' 
electrical current in all or even in many separate cases, 
are at present far too rare. But if this effect has been 
proved only in a few cases — and it has — that suffices to 
permit us to reject as insufficient the bare hypothesis of 
^^ suggestion (sana phrase). 

^H There is then, as we have seen, a specific curative 

^H effect of the electric current. But of what does it con- 
^H sLstf That is the second question, much more difficult 
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• tliED the first, becanse here everythiug is 
hypothetical. 

If we take into consideration the nature of electricity 
and judge by analogy from its other working spheres, 
the acceptation of a physical effect seems most obvioua 
from the beginning ; the effect of influencing the small- 
est cells of the body (molecules) in the sense of directly 
accelerating, retarding, or changing the direction of the 
presumed peimanent motion of these particles in the 
living body. So long, however, aa we know so little of 
the nature and underlying principles of these processes 
as we do at present, it will naturally be impossible to 
lay the foundation of a cer^n method in the attempts 
at a therapeutic change of these processes. Plausible aa 
this hjiKithesiis is, np to the present it has been of no 
practical value. 

It is otherwise with the second theory, founded on the 
fact of electrolysis (that is, the separation of fluids into 
their component elements by the electrical current). It 
tries to trace the curative effects of the electric current 
chiefly to chemica.1 processes. This theory has found 
numerous adherents in earlier as well as in later times. 
Frankenhiinser, Schatzkij, and others have tried to 
show that, through the influence of the galvanic current, 
"ions" (that is, the component parts of the molecules 
liberated by electrolysis) are set free and can move 
toward the poles, producing metabolic assimilation by 
chemical changes which have a curative effect in the 
various tissues of the body, which are regarded as a 
series of varied, moist conductors. 
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rit has also been proved through numerous experi- 
meiite that we are able to send into the body, through 
the unbroken epideTiniB, certain substances (iodin-salt 
solntioQS, cocain, etc.) from the An. ((^taphoreeis). 
This fact has beeu drawo upon as an explanation for the 
curative effect of electro-therapy. Moreover, accord- 

Iing to Schatzkij, this originates exclusively from elec- 
trolysis, aad is to be considered a result of ion wan- 
derings. • 
That generally a chemical process can be prodnced in 
the body through the electrical current is to be regarded 
as certain. However, whether it is possible to get con- 
siderable electrolytic effects deep down with the current 
strengths usually applied to the unbroken skin ("percu- 

Itaneoiis") ; and if bo, whether these effects are curative 
effects are questions still waiting for proof. The advo- 
cates of the chemical theory consequently require the 
application of high current -strengths, and French thera- 
peutists, Bergoni^, Leduc, and others, as well as a num- 
ber of German authors, Frankenhauser and others, have 
lately suggested methods of treatment which require, 
even on the neck and the head, current-strengths of from 
40 to 60 ma. We shall discoss this more fully below. 
A series of additional theories for the explanation of j 
electro -therapeutic results is based on phenomena that TiimrtCT 
were observed and studied by physiologists. On the one 



k 



* The same nutlior also explains by elc>ctroIysis the polar effect of 
the An. insoothiog pain, which will be described later od. He claims 
that through the current acids are conducted to the sensible nerve- 
eods at the An., aud mechanically irritAting aubatatices arc oeutral- 
Ized by means of the phoresis. 
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hand we have the fact that the blood-vessela react to the 
electrical current by coDtractioQ and expausion, and this 
has been made responsible for thecurative effects of elec- 
trical treatment.* Ou the other hand, the electrotonic 
phenomena described ou page 36, the decrease of the 
nerve excitability at the Au. (anelectrotoniis), and the 
increase of the same at the Ra. (katelectrotonus), which 
were fouud in animals and have been transferred to 
human beings, have been represented a^ therapeutically 
important agents. In the latter theory, according to the 
older and newer experiments (Leduc), probably perti- 
nent also to human beings in cases of increased nerve 
excitability (e.g., neuralgias), we must apply the An. 
therapeutically as the "different electrode," On the 
other hand, in diseased conditions {e.jj., paralysis) in 
which we wish to increase the excitability, we must 
chose the Ka, as the "exciting electrode." We call this 
"polar treatment," Its main principle is the "soothing" 
effect of the An, and the "refreshing effect" (R. Hei- 
denhain) of the Ka. At the same time it is very much 
to be questioned whether these effects may be trans- 
ferred to other than the moat x>eripheral part of the 
nerve-muscle apparatus, and we should always hesitate 
somewhat in extending the electrotonic principle to the 
central organs — a rule which is unfortunately often for- 
gotten. 

Further, we must not disregard a point which seems 



* B. Rettuk designates the effect on the hlood-vcssels plus the 
chemical and cataphoric effect as Ibo "catalytic" effect of the elec- 
trical current. 
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by far not Ihe least esBential — namely, that tbe fact of 
muscle coutractiou through electric stimulation makes 
natural the inference that the current, by bringing about 
contraction in paralyzed muscles, may exert a favorable 
infltieQce on the nutritive conditions of these muscles. 

A particular therapeutic effettt is ascribed to high-fre- 
quency ciirrenta by d' Arsonval and his pupils (see Chap- 
ter XI. "OnTeslaization") — namely, the effect of induc- 
ing metabolic change and of increasing blood-presanre. 
Further experiments have shown, however, that these 
effects are to be traced back to accessory stimulation, 
andnotto the current (Toby Cohn, A. Lowy, and others). 

Finally, with the close connection of the nerve-cells ReBei 
(neurons) of the body, a reflex effect may doubtless be 
exerted upon distant parts by electrical skin stimulation, 
or by influencing muscle sensibility through the medium 
of the muscle contraction. Thus a change at the stimu- 
lated points will affect other parts of tbe nervous system, 
, the central organ, in the sense of checking the 
functions (in neuralgia), or of increasing them by re- 
moving obstructions (in hemiplegias); for example, by 
diverting the attention, stimulation of a point at a dis- 
tance from tbe diseased point may prodnoe a eurativs 
effect (Goldscheider). 

If we survey all that has been and is said in expla- 
nation of therapeutic results, we must distinguish two cumucai Effecu 
tilings which may be accepted as certain — namely: (1) 
That, besides the psychic effect, the current causes chem 
ical effects in the t>ody — effects on the bloodvessels 
on nerve excitability, as well as muscle contractions— 
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and (2) that it also piwiuces changes in the molecular 
life of the tissueB. 

In regard to which of these effects is to be expected 
in a particulitr case and with a sitecial method, and 
whether the effect will be the desired one, a curative 
efifect, there are iineqnivocal and undisputed facts in 
only the rarest cases; so that, in spite of all hypoth- 
eses, we have no otJier resoiiice in mefbods than em- 
piricism, the experience of critical authors and practi- 
tioners and our own. At tlie same lime one or another 
of the hypotlie„ses gi\en above may occasionally scire as 
a foundation for special methods. Only in a few cases 
can the therapeutic indications and contralndicatioiis 
be given with a degree of certainty. 

1 The beginner will do well to memorize a certain thera- 
peutic scheme at first, fur which the following will give 
him the points. But he must not forget that a scheme 
never has general validity, and that it is the therapeu- 
tist's right and often hia duty to deviate from this scheme 
— to individualize. This is nowhei-e more important 
than in electrotherapeutics. The beat therapeutist here 
will be the one who schematizes least. lb is the more to be 
deplored, therefore, that in many cases, especially in hos- 
pitals, electro- therapy is in the hands of the junior assist- 
ants or orderlies. The result of such a state of affairs 
every one knows who has had opportunity to observe it. 

t The second, really self-evident requisite for the thera- 
peutist is the localization of the treatment at the point 
of disease. This is, of course, often more easily said 
than done. For in many cases the seat of Ihe disease 
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can not be reached directly by the current (as in i)a- 
ralysis of the eye muscles), or it is unknown (as in cer- 
tain functional neuroses), or, finally, the changes caused 
by the disease are such that there is no prospect of ac- 
complishing anything by influencing the disease center 
directly (as in progressive degenerative diseases of the 
central nervous system). Such cases we must be satis- 
fied to treat symptomatically— that is, at a iK)int distant 
from the seat of the disease where the principal qntnp- 
toms are noticed. In general, however, the principle of 
localization is much to be preferred to that of sympto- 
matic therapy, as will be explained further in the special 
discussion. 

Finsdly, the dosage of the current may be mentioned cnireatdonca 
as the third important requisite. Here also the views of 
authors and practitioners diflfer widely. We have al- 
ready mentioned above (page 166) that of late, there is, 
in treating neuralgias, Basedow's disease, headache, etc, 
an inclination, esx)ecially among the adherents of the 
electrochemical theory, to use currents as strong as pos- 
sible (galvanic up to 60 ma.). On the other hand, an- 
other extreme point of view is represented by those who 
would apply the homeopathic principle ^^ breve, leve, 
sfppe," to electro-therapy. It will be well in the mean 
time— this is the opinion of the majority — to steer clear 
of both extremes in practise until further experience 
has been gained,* and choose current-strengths not too 

* The cases cited by the authors of these tendencies, said to be 
cured by their methods with exclusion of suggestion, need further 
critical proof. 
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great; but, ou the other h anil, not to take into practioal 
consideration the absohitely unproved statement, that 
minimal eiirreiit doses, applied for fractionB of a min- 
ute, are "adequate stimulationfi" for the diseased uerp- 
oua system. 

The rules for special cases wiU be given in the chap- 
ters to follow. la general, the following is to be said 
concerning the current-strength used and the manner of 
applying the current, regard being had to galvanization 
and faradization : 

1. Patients like to "feel something" in electrical 
treatment. With too weak currents they feel nothing 
and do not believe in their efficacy. Since the suggestive 
factor playa a not insignificant part in our tberapy, we 
often rob ourselves of an ally if we use too weak, 
imperceptible currents. For particular reasons we 
should Ufie such currents only exceptionally; but in 
many cases — farther discussed below — we have to use 
them. 

2. Too strong galvanic currents cause a painful 
burning of the skin, and especially of the mucous mem- 
branes, and they ulcerate the integument so that some- 
times, even after a single application, ulcerations of 
greater or less depth remain. The beginning of pain 
should be a warning that the current-strength has 
reached the limit permitted. Only a "slight burning" 
should result (nothing more) as a rule. The galvaniza- 
tion of mucous membranes had better be omitted alto- 
gether. Faradic currents of greater strength merely 
cause pain and reddening of the skin; there la hardly 
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any other injury in the current-streDgtlis which we have 
at commaDtl. Only we should not turn ou strong faradic 
currents suddenly, because this frightens patients who 
are being treated for the first time. 

3. Galvanic currentH of only medium strength, ap- 
plied to the head or neck, cause dizziness, dancing be- 
fore the eyes, a galvanic taste on the tongue, occasional 
nausea, buzzing in the ear, conditions similar to cot- 
lajiee, hysteria, and screaming fits, or attacks of other 
kinds. The same things, and in a more extreme meas- 
ure, may occur when small current-strengths are applied 
at the head or neck; if at opening or closiug the circuit 
(esjtecJally with an electrode of small area) consider- 
able fluctuatioua of the current take place— that is, if 
the current is not increased or decreased gradnally, but 
suddenly. Therefore, in treating these parts of the 
body, wc must always use the rheostat and carefully go 
from contact to contact ; forward when we close the cir- 
cuit, backward when it is opened. We call this "creep- 
ing in" and "creeping out." From the way in which 
the galvanometer needle moves, we know whether this 
creeping in and out occurs slowly enough. The needle 
must not swing back and forth, but most move slowly 
and evenly in the desired direction. It is also well, in 
order to reach a certain current -strength gradually, to 
nse the whole rheostat if possible — at least a large part 
of it — and to include as few cells as possible in treating 
the parts mentioned. Then by means of the rheostat we 
can avoid any fluctuation more easily than when many 
cells are used, with which, it is easy to see, the leaps 
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woold be greater, and, in spile of tlie rheostat, flqctna- 
tions could not be avoided. 

4. The same thing (namely, the avoidance of cur- 
rent fluctuations from iueludiug and excluding) must be 
observed in polar treatment (see page 166)— that is, if 
ill analogy to examiiiations on animals we wish to pro- 
duce the anelectrotouus or katelectrotouus in a live per- 

1 for therapeutic purposes. For instance, if in neural- 
gias we wish to apply the anode at the painful point in 
order to decrease the excitability of the nerve which is 
causing the puin, we must not turn the current on and 
off suddenly, but in the way described under 3; for as 
Boou as current fluctuations of any kind occur in the ani- 
mal, after the circuit has been closed, the so-called nega- 
tive modification takes place (see page 36) — that is, the 
katelectrotonns occurs in place of the anelectrotonns, 
and vice verm. If, hypothetically, we carry over the 
conditions from the animal to man, we must take this 
fact into consideration. 

5. For the reasons mentioned, we must not attempt 
' to reverse the current with the circuit closed in the cases 

mentioned under 3 and 4, nor to close or open the cir- 
cuit suddenly. It would be well in cases of this kind 
to instruct the patient that he must not remove the elec- 
trode before the treatment is ended ; many do this invol- 
untarily when flashes of light, dizziness, etc., occur. 
One should also avoid using an intenupter-electrode in 
such cases, because tmintentioual openings and closings 
might easily occur through pressure on the interrupter 
lever. Therefore for therapeutic purposes we should 



GENERAL PART 173 

also first apply the electrodes, and then slowly tnru on 
the current, and likewise after the close of the treatment 
first tnrn off the current (by turning the handle of the 
rheostat slowly back to and so cutting out cells) be- 
fore removing the electrodes from the body. 

6. Turning the apparatus back to the point of rest 
(0) before taking oflf the electrodes is advisable in any 
case, as it is easily forgotten otherwise, and the cells 
remain active and are used up unnecessarily (if the 
electrodes touch each other accidentally in the table- 
drawer, etc.).* 

7. If we wish direct effects on deep-lying points NeoeMityofUi 
(muscles, nerve-trunk, central nervous system, etc), we ciectrodai 
should use well-soaked (not merely moistened) covered 
electrodes, under which skin resistance is lessened. Dry 
electrodes — especially of metal (brush, pencil, etc) di- 
rectly affect the skin and its nerves and only indirectly 
(reflexly) the central nervous and circulatory systems. 

They are used specially with the faradic current. It is 
not advisable to use metal electrodes with the galvanic 
current because serious ulcerations set in very easily. 
Therefore we should be careful, in galvanization with 
moistened, covered electrodes, that the covering is not 
defective, lest a part of the electrode metal should come 
in contact with the skin. 

8. Electrical treatment of new cases should take place FreqiMDoroc 

TrMitment 

daily. In long-standing cases a treatment every other 
day is suf&cient. Treatments at longer intervals have at 

* There are apparatus with a brake arrangement which automat- 
ically remind one of turning ofT the current. 
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moat only a suggestive value. Likewise electrical treat- 
meuts which are drawn out through many moDths aud 
years (which happens often enough) have no other thau 
a suggestive value (except in nu-e cases). Usually we 
hhoiilil change the method, as with every other thera- 
peutic measure, if we see no permaueut result after sev- 
eral weeks at most'. We must never forget that there 
are other methods of treatment besides electro-therapy. 
In legard to the time of single treatment dii'eetious will 
be given in the special part. 

S. Feverish patients must not be treated electrically, 
nor should electro-therapy be used, unless with extreme 
raution, with the distinctly cachectic (those suffering 
fi-om cancer, phthisis, tabes, in the last stages), nor with 
vei-y old people." Ciiution or entire suspension of the 
treatment is commanded in the case of women who are 
menstruating or pregnant. 

For special contraindications for individual cases see 
the following chapter, 

■ Alilinus's re]inrte(l "brilliant" roau Its from the electro -tiiempy 
of tlie syiiiptiuiis of iitil agu may be ciluc! Iii-ri- as a pretty curiosity 
and as a strong |imof of tlip "autosuggcstive" effect of flectro- 
tlienipy on llit clcttro-tlierapeutiat. 



CHAPTER VIII 

SPECIAL PAET 

I Oalvano- and Farado-therapeutics. Methods. 

It would be the task of special electro-therapentics to 
give exact methods for treating each separate one of the 
diseases that can be at all reached by electricity. This 
is not possible with our present knowledge. If we do 
not wish to lose ourselves in unexplored territory, and if 
we do not wish without sufficient criticism to exalt to a 
'^ method '' the isolated experiences of this or that thera- 
peutist — in which it is often difficult to discriminate be- 
tween the post hoc and thepropter hoc — we must limit our spedii Mettm 
discussion to special methods. Therefore there will here 
be recommended to the beginner: (1) Only those meth- 
ods of treatment which are recognized by the great ma- 
jority of authoritative writers and which are used by the 
most experienced neurologists in their clinics and in 
private practise. At the same time it goes without say- 
ing that there are almost as many modifications of these 
methods as there are nerve specialists. In this discus- 
sion those procedures will be emphasized which the prac- 
titioner can always accomplish easily with simple in- 
structions. As we have said above, and here emphasize 
again, the facts which will be given are only schemes 

from which the experienced physician will deviate, indi- 
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Tidualizing iii special cases. (2) There are described 
here with some C'OmpIeteiiess the therapeutic proceediugs 
for galvauizatioD and faradization only, while the meth- 
oil» for fraiikliuizatioi], teslaization, et<^., which are less 
frequently used and are of little imjKirtance to the prac- 
tical physician (of even less than to the Bpecialiat), will 
be discussed Bummarily in later chapters. (3) Diseases 
will be treated in groups as regards their electrical treat- 
ment, e.g., diseases of the spina) cord, of the brain, etc. 
In cases in which special methods have proved useful in 
certain siugle diseases this will be emphasized particu- 
larly. 

We will discuss, then, galvano- and farado- therapy 
iu: 

(a) Diseases of the peripheral nerves: («) Irritations. 
(,S) Paralysis. 

(b) Diseases of the muscles. 

(c) Diseases of the spinal cord. 

(d) Diseases of the brain. 

(e) The various fnuctional diseases of the nerves and 
thoae of unknowu origiu. 

(/) Diseases of the joints. 

(ff) Diseases of the internal oi^ana. 

(r) Diseasea of the Peripheral Herre*. 

Irritations (Neurai-gias and Local Spasms). 

I HMinigiu !• The local application of the galvanic anode (to 
leeaea excitability) is the nioet approved method for 
ti'eatiug irritations of the sensory nerves (neuralgias) 
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and of the motor nerves (local spasmfi, tics). It is made 
in the following manner : A thoroughly moistened plate 
of large area is applied to a point on the middle line of 
the body (sternum, nape of the neck, sacrum), and a 
similarly moistened electrode of small diameter (about 
5 to 16 sq. cm.)* over the diseased nerve, i.e., over the 
place where this ner\''e is nearest the surface, or at its 
supposed center of disease. Then with the electrodes 
applied we include the desired number of cells in the cir- 
cifit (fewer for the neck and head than for other parts of 
the body, see page 171), and with the help of the rheo- 
stat, turning its handle forward slowly and gradually 
(creeping) from the point, we turn on the galvanic 
current until the needle of the galvanometer shows a 
current-strength between 1^ to 6 ma. The prescription 
fluctuates between these intensities; which of them we 
choose depends upon : 

(1) The position of the nerve. In the trigeminus (on Trigemiiua 
the head) we should use at most about 2 ma. ;t at the '*««>»*«'» 
brachial plexus we can use much more ; at the ischiadic 
as much as 8 to 10 ma. 



'^According to the thickness of the skin to be penetrated, e.g., at 
the trigeminus we will choose an electrode of about 5 sq. cm., at 
the ischiadic one of 20 sq. cm. or more. 

f Within the last years Bergonie, and after him L. Dubois, Guilloz, 
and others, have recommended currents of greater strength in tri- 
geminal neuralgias: an anode of from 200 to 250 sq. cm. area applied 
like a half mask to the trigeminal region, fastened with two rubber 
bands and covered with felt, and a kathode of from 400 to 500 sq. 
cm., remain on for from fifteen to twenty minutes. The galvanic 
current is turned on, and is increased from 85 to 50 ma. in the first 
seven to ten minutes, and then gradually decreased to again. 
12 
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(2) The lengtli of tlie case aud the duration of 
treatment. In new cases and in the first treatments m 
aae weaker currents ; gradually we iucrease the intensity. 

(3) The patient's sensibility. Many persons feel 
vere burning at certain points with strengths under i; 
ma., so that we are forced to use weaker currents. laj 
general it will do no harm always to choose a 
strong enough to give the patient a slight 
least a feeling of gentle warmth. We allow the 
trodes to remain about four to eight minutes, then grada- 
ally we turn off the current, exclude the cells also, 
then remove the electrodes. If several uerve points are 
to be treated, e.g., several brauches of the tngeminus, 
then, after the gradual turuiug-off and the removal of 
the electrodes, the second and third points are treated in 
like manner. We should hardly undertake more thaai 
three points at one treatment. 

^ lu local spasms, e.g., facial tic, we proceed in exactly 
the same manner as in neuralgias. In these cases 
may also make gentle stroking movements over tha 
region, with small current-streugths and without turning 
off the current ; at the same time the electrode must not 
he removed from the skin (labile anode). It is note- 
worthy that the so-called sympathetic galvanization (see 
page 202), or the "rising" fai-adic currents (see page 
186), have been recommended for such tics. 

Dnriug the ti'eatment we must always wat^h the gal- 
vanometer closely and keep cue band on the rl 
haudle ; for as the current acta the resistance of the body 
lessens, as has been said above, aud the curreut-strengtJl 
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iDCreases iu proportiOD. Therefore we must always 
r^nlate the rheostat iu order to keep the current 
Btreugtb constant. 

In order to keep oar hands free we must, if possible, 

I fasten one electrode to the body of the patient, e.g., the 

kathode on the patient's collar, as a nape electrode, 

or on the sacrum, while the different electrode may be 

held by the patient himself; or the patient may hold a 

^^ large plate (Fig. 30) on the stemam and the other elec- 

^h faode on tlie point where the pain is located. Bat we 

w 
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t be carefnl that during the treatment, e.g., when a 

strong burning occurs, the patient does not remove the 

electrode, and we mnst instruct him to tell at ouce when 

[ the stronger burning begins, and to hold the electrode 

I firmly. We should never let the patient hold an inter- 

mpting electrode (see page 172). 

2. Descending galvanic currents are likewise supposed 8,^^1,1^1 Bud 

to have the effect of lessening excitability. We can use '•^'"'""^ 

" NeunUinu 

I them advantageously in irritations of such nerve-trunks 

a lie near the surface of the skin and are more esten- 

gively accessible to treatment, e.?., in neuralgias of the 

brachial plexns, the intercx)stal nerve-t, the sciatic, etc 

In Bueh cases we choose two electrodes of equal diameter, 

^L about 15 to 30 sq. cm., and apply both, well moistened 
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and far apart, on the course of the nerve, the an{ 
centrally, the kathode peripherally — e.g., with the iscbi- 
ndic iierve the anode is applied iu the middle of tlw' 
lower gluteal furrow, the kathode directly over the hol- 
low of the knee where the nerve branches; with tbe 
brachial plexus, the anode in the supraolavictUar hollow, 
the kathode on the internal bicipital sulcus, etc. The; 
current -strengths are chosen on the same piinciples 
were discussed above (page 177). The same is 
of turning the current on and off and of the length 
the treatment. 

In treating ischiadic neuralgia we may galvanize bf\ 
stations — e.g., station 1, fiom the origin of the lumbavj 
nervea to the point designated above under the glntfiol 
furrow ; station 2, from the latter point to the hollow of 
the knee; station 3, from the hollow of the knee to the 
region of the malleoli. Between these several statioi 
the current should be slowly and gradually turned off. 
The patient may sit on the buttock of the side not beingj 
treated, while the other projects beyond the edge of thaj 
chair, 
c 3. Iu longstanding cases of neuralgia, e.g., in old 
cases of sciatica, we ran use the so-called Volta's alter- 
natives, i.e., we apply the electrodes in the manner de- 
scribed under 2, and then without moving them 
take hold of the handle of the current-reverser and re- 
verse the current quickly and frequently. Thus a strong 
atimalation is caused which Is said to have a favorable 
effect on the slow " tcrpid " healing process. 

4. We may apply the faradic current in neuralgiaa — 
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not in local spasms — in the form of the f aradic bmsh Famiic current 
(Fig. 31), bmshing or stroking with this bmsh-shaped ^"^ 
(or a pencil-shaped) electrode, with not too weak far- 
adic currents, thus trying to produce a reddening of the 
skin. We may assume that such a procedure works as a 
"derivative." 

Likewise the faradic moxa, which consists in applying 
a brush or some other dry electrode stationary at the 
point of pain, and turning on an induced current of 
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gradually increasing strength, has good effects. How 
ever, in trigeminal neuralgias it is not to be recom 
mended. 

In neuralgic pains which owe their existence to an 
organic cause, e.g,, neuritides, the same methods may be 
used; they will then have an essentially symptomatic 
significance.* Acute attacks of neuralgias and neuriti- 
des are not suited to electrical treatment, tho in the other 
cases it gives generally acknowledged favorable results. 

For a further discussion of the treatment of neuralgia, 
see in the chapters on Franklinization, Teslaization, 
sinusoidal currents, and permea-electric treatment. 

* For the electro-therapy of neuritic paralyses, see below. 
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Paealys^ of the Peeiphbbal Neeveh. 

1. If the point of lesion is directly acccHsible in] 
treatment^ e.g., in contosion paralj-sis of tJie i-adial nerve^! 
we apply a galvanic kathode stationary at this point^-1 
that is, at the turQiug-point of the radial on the upper] 
arm, and eeud a not too weak cm-rent through the nervo^ 
4 to 8 ma. The diameter of the electrode shoald be' 
about 20 to 30 s(i. em. The other electrode, the indif- 
ferent one, is applied at any of the customary places, 
and has a correspondingly large diameter, about 100 sq. 
cm. or more. The length of the treatment is about teo 
niiuittos. During this time we let the patient make afe-i 
tempts to move^ and finally help him a little. We m^j 
proceed in the same manner in other paralyses, e.ff., 
the facial or the brachial plexus. 

2. Muscles affected with paralysis may be made 
oontract singly by the faradic current — local musculi 
faradization, with a moving electrode — if their reactii 
to the fai-adie current is not lost. For this purpose 
proceed in the same way as in conductiog the electrical 
examination, making several closings, with currents of 
medium strength, by means of the interruptii^ electrode 
over each muscle of the diseased region ; the contrac- 
tions should be clearly visible, not minimal. We can 
also undertake to stimulate, without the indifferent eh 
trode, with two electrodes of cqa&l diameter (5 to 10 
cm., one of them an interrupting electrode), applying 
them in the course of each muscle and closing the circuit 
there several times. That a favorable effect on the nu- 
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tritioD of paralyzed and atrophied muscles follows such 
Btimulatiun is to be accepted as cer^n. 

The method is contraindicated (1) when spasms of the 
moscles in question exist, in which case it may be actu- 
ally injorioos; (2) in faradio inexdtability, where it is 




3- Galvanization of single moscles with the kathode 
is employed in a manner analogous to 2, especially in 
cases of paralysis in which the faradic excitability ia 
lost ; but it is, of couree, also applicable lu other cases. 
In this application the cnrrent-streugth is medium, i.e., 
sufficient to cause plainly visible contractions. Gener- 
ally this will be Uie case with about from 1 to 5 ma. 

We may also proceed advantageously iu the following 
manner: we apply an anode at the sternum or on a 
proximally located part of the nerve-trunk (e.g., in 
radial paralysis at the turning-point on the upper arm, 
and so on), a kathode, as exciting electrode, at a point 
in the diseased region,* turn on a current which will 
cause plain mnscte contractions, and with this cnrrcnt 
we stroke the electrode (closed and without removing it 
from the skin) back and forth for several minutes over 
the entire diseased region. This labile kathodal galvani- 
zation has the advantage that with it one can avoid all 
sudden current flnctmLtions, especially if he is careful to 
turn off the current gradually after the treatment is 

I ended and before he removes the electrodes. Therefore 
• Id cases of reversal of the contraction law, and (n " preponder- 
ance of anode coDtnctlonB," the kathode techoeen for the treatment 
of paialyses. 
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fmUlI Pu«ini9 this method is particularly suited for treatii^ paralyeeB 
ia the head aud neck, and also especially facial paralyses, 
in all of which current fliictiitionM — from opening and 
closing the interrupter, etc. , — are absolutely to be avoid- 
ed. Current -streiigth on the face and head not more thaa 
about 3 ma. During this labile treatment also the at- 
tempts at motion mentioned under 1 are to be recom- 
mended. 

4. In cases of decided atrophy, especially in nenriti- 
des (lead palsy, post-diphtheritic paralysis, or moltiple 
neuritis of all kinds), we can also apply the so-called 
combined current in the form of labile galvauo-faradiza- 
tion of the single muscles. This is done in the following 
way : on every large apparatus there is on the current- 
changer (see page 28) besides the two contacts €. and 8. 
(through which we can get either the faradic [second- 
ary, S.] current, or the galvanic [contact, C] from the 
same binding -posts) a third contact CS. (see page 9, Fig, 
5). If wc tnm the handle of the changer to this con- 
tact, we can get both kinds of currents simultaneously 
through the two bi nding-pwts ; then we apply an ejcci- 
ting electrode (with an indifferent anode) to one of the 
muscles to be treated, include the desired number of 
cells, and turn the handle of the rheostat forward, upon 
the clock -dial device, until we see a forcible galvanic 
contraction follow the circuit closing. Then we put the 
fai-adic current into action (by plugging the little block) 
and push the secondary coil forward until we get a visi- 
ble faradic (tetanic) contraction. With this strength of 
the combined current we stroke the closed electrode over 
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the entire diseased region for several minutes. This The combined 
proceeding has a very strong stimulating effect upon the 
muscles. If we have no current-changer, but perhaps 
two separate portable apparatus for the galvanic and 
faradic currents, we need only place the two apparatus 
side by side, fasten a conducting-cord to each of them 
and connect the two free binding-posts by means of a bit 
of wire. Then we proceed in the same manner as de- 
scribed above. 

At points where all excitability, even the galvanic, has 
disappeared, all electro-therapeutic methods are in vain. 
Likewise, if secondary contractions occur in a paralyzed 
r^on, e.^., in facial paralyses, we had better replace 
the electric treatment with another (massage, etc.). 

For a further discussion of treatment of paralyses and 
atrophy, see Chapter X., Franklinization. 

(b) Diseases of the Muscles. 

1. In paralyses of muscular origin the treatment is 
to be carried out exactly according to the same princi- 
ples as have been mentioned in the previous division. 

It is a question chiefly of progressive muscular dys- Dygtropiues 
trophies. Since in these a complete loss of faradic ex- 
citability usually occurs only very late, we shall be able 
in most cases to apply local faradization or galvano- 
faradization with the combined current (see page 184), 
besides the labile kathodal galvanization of the separate 
muscles. 

2. Local inflammations of the muscles (myositides) 
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as they often occiir, for iiiRtance, in the cucullaris, ster- 
DO-cleido-ma8t«id (rheumatic caput obstipum) and the 
ninseles of the back, we treat, either 

(a) With the local galvanic anode, as the neuralgias 
(sec page 176), or 

(6) With the so-called increasing currents (Fromm- 
hold). A small exciting electrode, preferably uncovered 
and dry, e.g., a metal button or brush, is applied firmly 
at the point where the pain or the swelling is located; 
then a weak faradic current is turned on and gradually 
strengthened by slowly pushing forward the secondary 
coil. If we pause after each slight increase and allow 
the pain of the faradization to subside, which generally 
it does soon, we can reach very considerable current- 
strengths after about ten t« fifteen minutes of this grad- 
ual increasing. Then we carefully allow the eurrent to 
sink again, and repeat this proceeding several times. In 
favorable cases a single treatment of this kind deoreasea 
pain and contraction considerably. 

(c) We can also apply a eort of electrical massage 
with a roller-shaped electrode (Fig. 32) with faradic 
currents of medium strength (see note, page 190) ap- 
plied for several minutes at the painful point (by stro- 
king lightly). We may also make use of the faradio 
brnshing or penciling in order to produce an "anti- 
spastic " effects 

3. The same methods, especially those mentioned 
nnder c, are applied in more extended, so-called rheu- 
matic affections of the muscles. In these electric baths 
are also to be recommended (see below, page 197). 
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Fnrtbermore, ve can use a manual electric massage in 
these caeeti in the following manner: The physician 
fastens a neck -elect rode in his coat collar, the patient 
holds the other electrode on the sternum, the nape of the 
neck, or at the Bacrom; then a weak faradic ctUTent is 
tamed on and massage is given in the usnal manner 
with slightly greased hands. Stronger currents are to 
be avoided. Aside from their painfuluess, they cause dia- 



tarbing contractions of the muscles in the masseur as 
well as in tlie patient (compare the chapter on Franklin- 
ization). 

4. Muscle spasm (e.^., in the calves) can be treated t 
with the labile galvanic anode (see page 178). Faradic 
treatment is inadvisable because it causes mnscolar con- 
traction. Likewise in treating myotonic conditions elec- 
trically (myotonia congenita or acquisita), we should at 
most use the labile anode treatment, at all events not 
the faradic current. Muscle faradization in "pseudo- 
paralytic myasthenia" (to be sure, a very rare affection) 
is especially to be warned against, because of the accom- 
panying easy eshanation by electric stimulation. (For 
myasthenic reaction, see page 143. ) 
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(o) Diieaies of the Spinal Cord. 

1. Local galvanizatiou of the spiual (:ord. This may 
be performed with stationary electrodes (stabile galvaa- 
ization) or with one statiouary aud one moving electrode 
(labile galvanization). 

(«) Stabile galvanization with descending cturentB. 
Two well -moistened plate electrodes of equal area, about 
20 to 50 sq. em., are applied at the two ends of the 
spinal medulla, the anode at the vertebrte of the neck, 
the kathode at the lower end of the vertebral column. 
Then a current of about from 3 to 8 ma, is turned on, 
and is allowed to act about eight to ten minutes. It is 
certain that with this method current streamers strikf the 
spinal medulla, and it is supposed that they exert a favor- 
able effect there on circulation, nutrition, and metabolic 
assimilation. This method of procedure is especially 
recommended for treating tabes dorsalis; but it may also 
be applied in other column and transverse diseases. 
Contra- indications against this proc^eeding are acute dis- 
eases, e-g., cases of acute myelitis, recent hematomyelias, 
etc 

In older diseaFied areas, e.g., in cases of poliomyelitis 
of long standing, it offers no advantages, but a sympto- 
matic procedure is to be preferred. The attempt to in- 
fluence disease centers in the spinal cord directly by 
applying two small electrodes at both sides of the dis- 
eased part is generally not worth recommending. It 
should be discarded outright in acute or bacterial dia- 
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eases (pnmlent or tuberculous) ; and it is not to be ad- 
vised in tomors (gliomas, etc.)- In using this method 
care must be exercised that the two electrodes do not 
touch. 

(5) Labile galvanization with the kathode. A large i^^^^^ue 

GmlYEiUauloii 

anode is applied at the sacrum or at the nape of the 
neck, a kathode of about 30 sq. cm. diameter, well mois- 
tened, is stroked up and down the spinal column for sev- 
eral minutes. In regard to current-strength, indications, 
and contra-indieations, the same holds true as in (a). 
It is well to keep a sharp eye on the galvanometer 
needle during the stroking and to regulate the current- 
strength with one hand on the handle of the rheostat, 
because often the skin resistance differs very much at 
different parts of the back, and great fluctuations in the 
current-strength may occur on account of this. In 
stroking the dorsal region a reflex cough often occurs 
(especially if the galvanization on the chest and back be 
rather strong). 

(o) Transverse electrization of the spinal column. TrmnfTene 
An anode is applied at the sternum, a kathode of 
about 30 sq. cm. diameter on the spine. In focal dis- 
eases the Ka. should remain stationar^^ ; in column dis- 
eases (tabes, etc. ) it is moved back and forth over the 
vertebral column — labile. Here also the current-strength 
should be carefully regulated, as in (6). 

2. Sympathetic galvanization (see below under "Cho- 
rea ^^) is recommended by many writers even for spinal 
diseases of all kinds. Its use is very questionable. 

3. For symptomatic treatment of spinal diseases those 




ELECTRO- THERAPEUTICS 

mlea hold good, some of wliicli have been nientioued, 
otlierB of which will be discussed later — that is: 

(a) For paralyses, e.g., the poliomyelitic or the my- 
elitic, the treatuieut is described on page 181 aud follow- 
ing. 

Ill spinal diseases, especially, local faradization of the 
spastic muscles had better be avoided wheu spasms exist 
aud be replanted by labile anode treatmeut. Iii flaccid 
paluies, on the contrary, we should apply galvanization 
vith the kathode or galvauo-faradization (or even fara- 
dization). 

(b) Pains and paresthesias, if they are limited as to 
locality, may be combated with the local anode (see p^e 
176); if more extensive, e.g., the lauciuatiug pain or 
backaehe in tabe.s, with the faradic bmsh and medium 
cun«nt on the leg and at the back (for live to ten min- 
utes). 

Medium faraillc currents are such as cause vieible reddening of 
the skio, visible but aot painful contractloDS of Iht muscles, witb 
I the stroking electrode. 

For hyperesthesias faradic brushing, and that with 
' rather strong curreuta, is also to be recommended. 

(c) In regard to the treatmeut of bladder dise;i»es, 
aexual diseases, vasomot«r distmbancea, etc., see pages 
207, 200, 205. 

(d) SiseaseB of the Brain, 

1. Local galvanization of the head has been recom- 
mended, not only for cerebral focal diseases (hemor- 
rhages, softenings, infiaminations, tumoi-s), but also for 
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Ae more extensive diseaaes of the brain and Us mem- 
branes (arterioBclerosis of the arteries of the brain, 
meningitis, etc.)> )"^<^ even for progressive paralysis and 
psychoses of all kinds. A galvanic current is to be con- 
ducted either from the foi-ehead to the nape of the neck 
or from t>oth temples through the cranium. For this ve 
choose lai^e, almost equal, plates of about 50 to 100 sq. 
cm. area, the An. oa the forehead, the Ka. at the nape 
of the neck (in the shape of the nape electrode, see 
page 89); we carefully turn on a gradual current of 
from ^ to 2 ma., and after about five minutes carefully 
turn it off. Or we apply the electrodes at the temples 
and galvanize Jn the same way, applying the positive 
pole first to one side, and then, after carefully turning 
off as above, change the direction of tlie cun-ent^ 

It is to be assumed as certain that in this procedure 
current streamers strike the hraiu, which fact may be in- 
ferred also from tlie unavoidable phenomena which often 
accompany even a careful turning on and off (fiickering, 
dizziueas. ete,). But what effect the current has in the 
special case of the disease process in question can not be 
determined; it is just as likely to be injurious as bene- 
ficial, and it is therefore generally advisable in cerebral 
diseases, especially iu focal diseases resulting from al- 
terations in the blood-vessels, and also in alterations of 
the blood-vessels without any appareul focal symptoms, 
to employ this very delicate method either not at all or 
K else with tlie very greatest care.* 

■ *' 

^V view 




» 



* Francois Franck ami Mendelssobu bnve recently defeniled this 
view very energHicatly oii the strength of ciperluienljil aDil c-linlcal 
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BspecuU}' most one nol be led to use gteater carrent \ 

intensities, or even to cause carrent flacttiatioi^s, by the 
faot that the patients say that they do not feel the ear- 
rent. This method is absolotely eontra-iDdieated in all 
acute diseases (recent hemorrh^es, e.g.), and in all \ 
pnmlent or febrile diseases. This same galvanization 
of the head often prodnees good results in fonctional 
diseases, and is to be highly recomnieuded for them, as | 
will be more fully discu^ed below. One ni:iy also try ] 
this procedure in slight fnuclional psychoses. 

2. The symptomatic treatment of cerebral paraJysi 
has a close coaaectiOQ with what has been said of the ] 
treatment of paralyses in previous divisions. Since the 1 
faradic excitability is almost always retained iu these ' 
paralyses, we may advantageously apply lociil faradiza- 
tiou (see page 18*2) to the paralyzed muscles, so far as 
these are uot in a stale of contraction; e.g., local fara- 
dization of the extensor muscles of the upper extremity, 
paralyzed in hemiplegia, if they are in flexed contrao- 
tioD ; faradization of the flexors of the lower extremity, 
if it is in extended contraction (lower leg flexor and I 
dorsal flexors of the foot; favored mnscles, nceordiug to \ 
Wernicke and L. Mann). In this way we will (1) tem- 
porarily remove the nupleasaut feeling of coutractioo, \ 
(2) improve the nntintive condition uf the paralyzed ' 

Hiudiea. Tliey coQBider gulvaiilxation of the bead contra -Indicated 
uiit.riglit In all organle disease ut ilie liioiD and in epileps;. and 
ouly permissible in tUe treaiment ot ueiiiosei. On tbe other hand. 
Leduc declares tlinl be has influencini bemiplegias. aphasia, par- 
alysis or the eye musrles. etc., ravunibly with very strong currenti 
(10 to 40 nm,, gradually Increasing fur leu to twenty minuies). 
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mnBole by exciting contractdons, or, in Ctoldscheider's 
opinion (see page 167), we shall be able to ^^pave the 
way " to recovery by means of the feeling of contraction 
transmitted from neuron to neuron. Wernicke conjec- 
tures that it calls forth motor impressions in the cerebral 
cortex which may influence the paralysis directly in a 
beneficial sense. 

With the above-named limitations, we may try gal- HeadM^iet. 
vanization cautiously for headaches and dizziness (see ^"^^ 
under 1). Occasionally also we may employ the '^fa- 
radic hand " (see page 198). The therapeusisof cerebral 
paresthesias, pains, etc., is practised according to the 
principles often explained. Galvanization of the head 
may also be used cautiously in arterio-sclerotic dizziness. 

In buzzing of the ears, double-sided galvanization of 
the ear is employed; two electrodes of equal size, the 
anode stationary on the afifected ear, are used, with a cur- 
rent strength of from 2 to 5 ma. 

3. Many writers defend galvanic treatment of par- 
alyses of the eye muscles; they advise either galvaniza- 
tion of the head or the so-called sympathetic galvaniza- 
tion (see '^Chorea "). Good results are also said to have 
been obtained in atrophy of the optic nerve with these 
methods, as well as with cautious stabile and labile 
galvanization on the closed eye. The muscles of the eye, 
except the levator palpebrsB superioris muscle (see page 
63), are not accessible to direct electrization. 

4. The diseases of the medulla oblongata may be oblongata 

treated tentatively with cross galvanization through both 

mastoid processes (two electrodes of the same size, of 
13 
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abont 30 sq. cm. diameter). Special caution in turning 
the current off and ou gradually is necessary ; tlie current 
sti'eugth Bbould not exceed 2 ina. This method ha.s been 
tried especially in bulbar pai-alysi& The producing of 
galvanic swallowing (see page 67) by stroking the side 
of the neck with a Ka. of about 15 sq. cm. diameter, with 
3 to 6 ma., is recommended for this disease. 

Attention should here be called to the fact that the 
faradization of both phrenic nerves has been employed 
beneficially in asphyxia. 

(a) Functional Herre DiieuM and thoK of Unknown 

Origin. 

Htbtekia. Neueasthenia, and Htpoohondbia. 

In treating these diseases the factor of su^estiou nat- 
urally plays the chief part, so that really every method 
may be used which can prodnce a psychic effect iu the 
special case. In general it would seem advisable first 
to try the faradic current in perceptible curreut- 
Btrengtha, because this, through tJie greater sensible 
impression, directs the attention of the patient iu a 
greater degree to the i>art treated. By thia we do not 
mean that, in certain conditions, the galvanic curreut 
applied, e.g., at the head, does not produce a greater 
psychic effect-. Psychological study of the individual 
case, cleverness on the part of the physician, tact iu the 
choice of a method and ingenuity in varying the treat- 
ment, are nowhere so absolutely necessary as in the 
therapeusis of these functional conditions. 
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Besides pure suggestion, the importance of wbicli for 
the electrical treatment of the diseases in question caa 
not be overestimated, the following methods may be 
effective iu their electrotherapy : 

1. The production of muscle contractions, for in- 
stance, in the cases iu which the diseases named affect 
individuals with weak muscles, and especially in con- 
nection with the so-called "feeding-cure" in which gen- 
eral faradization as an aid to general massage might, in 
a measure, take the place of the lacking active exercise 
iu bedridden patients. 

2. The stimulation of circulation, not only iu the 
skin but also in the deeper tissues, whereby a favorable 
effect may be produced on the metabolic assimilation and 
CD the subjective state of general health (increase of 
perspiration, of the appetite, nutrition, etc.)> 

3. As H result of strong faradic skin stimnlatiou, a 
manifold reflex action on the central nervous organs, 
even on their most central parts, the disturbance of 
whose function evidently plays the chief part in these 



In the therapy of these diseases we distinguish : (a) 
methods of general electric treatment; (b) methods of 
local symptomatic treatment. Of methods of the first 
kind there are to be mentioned : 

(a) In functional nervous diseases, especially in pa- ( 
tients who are using a so-called "feeding-cure," a gen- 
eral faradizatiou of the body is to be recommended 
because of its refreshing and stimulating effect on the 
activity of the general nervous and circulatory systems. 
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It is applied in tbia maauer: usiug meditim (not too 
strong) faradic currents with a brush or a juoistened 
roller, we stroke and tap the arms, chest, ab- 
domeu, back, and limbs of the patient one after soother 
for several luiuutes. The whole proceeding need not last 
longer than fifteen to twenty miunt«s. Altho the first 
treatments leave a certain feeling of exhaustion, the 
beneficial efl'ect often appeai-s after a very few days, 

(6) General galvanization may also be tried. Apply 
the Ka. as a large plate electrode at an indifferent pointy 
while the An. of smaller diameter, with the usual pre- 
cantioDS, is stroked over the various parts named above 
for abont a quarter of an hour. This is especially suit- 
able for the rather frequent cases in which faradic cur- 
rents can not be borne at all. We tiegiu with very weak, 
just perceptible currents, and increase the current- 
strength gradually. 

(c) "Central galvanization " is the name of a process 
in which a large Ka. is applied at the pit of the stomach, 
while the An. is moved, being applied two minutes on the 
forehead, two minutes at the nape of the neck, and about 
five minutes at the "sympathetic " (see "Chorea"). Of 
csourse the current is turned off and on gradually at each 
station and reapplied at the next; then follows a labile 
galvanization of the back. 

The parts which are the seat of special disorders are 
then to be treated aajording to the oft«n named prin- 
dplea 

An action of the current on the whole body may also 
be obtained in the cases here in question by 
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(d) Electric baths. The faradic or galvanic current Eiecinc b*uii 
may be conducted to lukewarni water in wooden, porce- 
lain, clay, or stone tubs. Tn'o principal forms of batlis 
are recognized : the monopolar and the dipolar. In the 
monopolar galvanic bath one pole {e.g., the Ka. ) in the 
form of a large plate electrode is connected with the 
water, while a covered and moistened rod. which the 
patient grasps with his hands, or a large back-plate (100 
' sq. cm. diameter), against which he leans, is connected 
with the other pole {i.e., the anode) and serves in a 
way as the indifferent electrode. We call it a kathode- 
bath if the water contains the kathode, and vKe versa.* 
In a dipolar galvanic bath both electrodes are connected 
with the water, and the patient touches neither. These 
baths, especially with descending currents, have a sooth- 
ing effect, which may be heightened by applying a rubber 
partition to the body in the t>ath, which strikes it in the 
middle, and, as it were, bisects the tub (two-cell bath). 
Then the whole current, which otherwise forms current 
streamers in the water, must pass through the body from 
one electrode to the other. The current-strength attains 
50 to 100 ma, and more. The current is turned on cau- 
tiously, after the patient is in the bath. At first weak 
currents are chosen, later on stronger ones. The dura- 
tion is at first about ten minutes, and increases later. 
Pain or similar effects do not occur, even with lai^ cur- 
rent-strengths. In r^ard to technics, the same holds 

•These names ghould really be cicbaDg^, since the electrode 
which is applied Immediately to the body obviously baa greater 
eAect OD it than the other, • 
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true of faradic baths. Of these (as also with the gal- 
vanic) decided preference should be given to the dipolar 
baths. The effect is similar t« that of general faradiza- 
tion — ^mainly refreshing. 

To avoid wandering current streamers in the water as 
much as possible, Schnfe has constructed a "four-cell 
bath." It consists of four little porcelain tubs, of which 
two form the arms of an armchair, and two (deeper) stand 
at the foot of the chair. The four are connected witJi 
the source of the current and can be included in the cir- 
cuit in any desired order. This treatment ia recom- 
mended in various disorders — diabetes, arthritis urica, 
etc. 

Franklinization might be regarded as the fifth form 
of general electric treatment of neuroses (see Chapter 
X., "Franklinization"). 

Of the details of symptomatic therapy, which in the 
main has a connection with the principles already men- 
tioned so often, the following may be mentioned espe- 
cially for these diseases: 

I. Functional headaches and dizziness in those suf- 
fering from hysteria and neurasthenia may be treated: 
1 (a) With galvanization of the head in the way folly 
described on page 190. 

(6) With sympathetic galvauisation (see "Chorea"). 

(c) With the " faradic hand." The physician applies 
one of two electrodes of equal size to his own body, 
holding it in the hand, and the oUier electrode is applied 
in the usnal way to the body of the patient {e.g., at the 
sternum or the nape of the neck) ; then with hia free 
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hand, using a weak faradic current, the physician gently 
Btrokes the head of the patient for eereral minutes. It 
is well not to expect too mnch from the suggestive effect 
of this method. Compare also Franklinization (head 
donohe). 

2. Hysteric, nenraathenic, or hypochondriac back- ""»« 
aches are treated as the other functional paresthesias 
and hyperesthesias, with the brush or the massage roller. 
Galvanization of the back, of course, may be tried also. 
For the symptomatic treatment of special local i)ain8 
(«.;., ovaralgia, mastodynJa) the general principles hold 
good: anodal treatment, gentle brushing, faradization, 
etc. For other methods see Chapter X., Frankliniza- 
tion. 

3. What has been said above of the effect of every ht»i«i™i it- 
stroDgly suggestive method of treatment holds good, espe- 
cially for hysterical attacks (aphonias, paralyses, etc.) 
and contractures. Thus, e.g., one can apply local mnscle 
faradization or, better still, galvano-faradization in par- 
alyses, internal laryngeal faradization in aphonias (see 
below under "treatment of internal diseases"). 



ases of not too long Btandlug, and cspcdally in youUiful Buf- 
feren from hysteria, good results &rc sometimes obtained witb tbe 
so-called "surprise treatment." Wo suggest to the [mtiect that the 

Iiymptom in question will be removed bj one clcctrizatton. We turn 
on a strong faradic current and apply a brush electrode (or some 
dmllar one) causing sudden sharp pain at the point at which the 
symptom occurs (for instance, to the laryngeal region lu aphonia, to 
the brachial plexus In paralysis of the arm) ; we allow ft to remain 
there stationary a short time, and thL^n command the patient Xo 
utt«r « sound or to move the arm. Wc rcpi^t this process several 
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timcB at shorL ioterviiis, suggesting as before aod at Ibc same time 
quietly »nd firmly persuading the patient. Tlius occsaionally wo 
may see a long-standiug symptom disappear after a single treat- 
ment. To make sure of the result, we may repeat the treatmcDt 
several times during Ilic following days, then ttnally with weaker 
currents. But this metliod is very violent, and, moreover, not at 
all reliable; it falls rattier often, and thug, naturally, the suggest!- 
I)llity of the patient suffers groat damage, not only for this, but for 
other ttaerapciitic methods. We must remember before having re- 
course to this proeedurc that it is a sort of a game of chance. In 
spite of that, it is Romctimes advisable in recent CAses, because by 
means of it one is often able to deprive professional bypaotfsm of 
its best victims. 
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4. For local disorders in Dearasthenia we proceed 
noeordiug to general principles. It might be mentioned 
partitiniarly that a special method is not given for pa- 
tients with ueni-astheniaH, hysterisw, and hypochondrias 
of traumatic origin, in ca»e.s under the accident- insurance 
law. Care should be taken not to use too strong faradic 
currents to "frighten pretenders," as is done in many 
" sanatoria. " 

5. For the very frequent sexual disorders (impo- 
tence, pollutions, etc. ) we mayeither try a brushing of 
the lower vertebral column with the fanidie current, or 
apply a labile treatment in the same region with the gal- 
vanic current (as described on page 189). If we wish to 
use the electrotonic principle in these complicated eases, 
we may employ the An. as the moving electrode in in- 
creased sexual excitability, the Ka, in decreased excita- 
bility. A treatment from the lumbar (An.) region to 
the perineum (Ka. ) with descending currents (see page 
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188) is certainly often beDeficial. Bnt it is hardly to be 
believed that all these proceediDgs have any other than 
a suggestive efl'ect. Therefore special prescriptions as 
to current closing are not necessary; in general, use 
perceptible but not too strong ciirreats, A direct treat- 
ment of the genitals (iDternal electrization or external 
faradization) is to be earnestly dissuaded. General treat- 
menf is the begtfur dR nuch cage». 

6. For iosomuia, galvanization of the head (especially i 
in the evening) is often employed with favorable results. 
Kape or sympathetic galvanization may also be used 
here. Electric baths are to be tried especially. (Com- 
pare also the chapters on Franklinization, Teslaization, 
and Permea-electrie treatment. ) 

7. Conditions of fear in hysterical and hypochondri- 
acal patients may be treated tentatively with sympathetic 



8. For palpitation of the heart, a local galvanic An, p«"ptw""n << 
treatment of the cardiac region, with weak currents, is 

' sometimes to be recommended (in this an indifferent 
electrode should be applied at the nape of the neck or at 
the sternum). Or descending currents may be used; 
the An. at the neck, under the lobe of the ear; the Ka. 
ftt the heart. We may use the sympathetic galvanization 
(see below) for this disturbance also, as well as for vaso- 
motor and secretory disorders of a functional nature, 

! e.g., for hyper hidrosis, blushing, etc. 

9. In regard to trembling see page 203. The treat- 
I ment of functional stomach and intestinal disoi-ders, etc, . 
I Trill be discussed in "The Treatment of Internal Dis- 
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eases," page 209. For diBea.aes of the bladder Be© "Noo*l 
tnmal EnnreBiB," page 207. For buzzing in the ear SM 
p^e 193. 

Chorea and Athetobib. 

The electrical treatment of chorea and athetosis pre- 
sents, iu general, no brilliant prospects. Avoid the 
faradic current and apply either a local galvanization to 
the spasmodic parts with a moistened, moving anode of 
small diameter (about 20 sq. cm. ) with weak currents^ 
about 3 ma., with a larger Ka. applied at the jugular 
hollow; or try; 

(ffl) Sympathetic galvanization of the neck, 
electrode (An.) of small diameter (about 5 sq. cm.) 
applied on the neck in the region under the ear-lobe^i 
behind the descending ramus of the lower jaw ; a seooi 
(Ka. ) of like area in the jugular hollow. A current of 
about J ma. is turned on (cautiously, gradually) and al- 
lowed to act for several miuutes. Then it is cautiously 
turned off again. The Ka. may be applied also at the 
symmetrical point of the other side, or in the region of 
the lateral processes of the lower vertcbne of the neck, 
on the other side. 

(b) Galvanization at the nape of the neck. The 
(15 to 30 sq. cm. diameter) is applied at the nape of the 
neck, the Ka. (indifferent, about 100 sq. cm. diameter) 
at the sternum or in the jugular hollow. The otirrent 
strength shonld be from 2 to 5 ma. 
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Pabalybis Agitanb. 

Ckdvanization of the head has been recommended for paniyin Agoam 
recent cases. As for the rest, what has been said of 
tremor holds true here. Great results are not to be ex- 
pected here either. In cases of long standing nothing 
can be done electro-therapentically ; at most, electric 
baths might produce an improvement 

Tetabht. 

The treatment is similar to that given for local spasms Tetany 
(see page 178) — that is, principally galvanic anode 
treatment with weak currents. 

Tbemob. 

If tremor is a symptom of another disease (multiple Tremor 
sclerosis, intoxications, Basedow's disease, hysteria, etc.) 
it is generally not taken into consideration electro-thera- 
pentically. Occasionally, however, it occurs rather idio- 
Xmthically (essential, congenital hereditary, senile tremor, 
etc), or it dominates the disease picture {e.g., in many 
cases of hysteria). 

Then we may try to produce an improvement by 
faradic brushing with not too strong currents, by sym- 
pathetic or nai)e galvanizations. But we must not enter- 
tain great exx)ectations in this direction. Here, too, in 
the cases which are benefited, the result is probably 
purely suggestive. Electric baths are also recommended 
(see page 197). 
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OCC0P4T1ON Neurohes (Writek's Cbamp, Etc.). ' 
We can usually diBtinguiah different forms of thei 
namely: 

1, A seuBory; 

'i. A motor, aud in this again, 

(n) A paretic, 

(b) A spastic, and, if we wish, 

(e) A tremor-like form. 

1, In the sensory forms, which manifest themselTi 
mainly in paresthesias or pains (as, e.g., often in violin- 
players' and telegraph -operators' neuroses, etc.), and in 
which motor disorders are lacking, a faradic brushing of 
the parts in question (e.g., fingers, hand, etc.) is adviaft-^ 
hie; or a stationary or labile anodal treatment or in4 
creasing faradic carrents (see page 186) may be em-l 
ployed. I 

2. {a) The paretic forms, as they occasionally ocotO^ 
in writers, pianists, seamstresses, etc., are treated ac- 
cording to the principles -which obtain for all the other 
forms of paresis — that is, with local faradization of the 
muscles or (Ka. ) galvanization, or with galvano-fara- 
diiuttion of the affected muscles — that is, the muscles 
especially used in the occupation in question (e.^., in 
writer's cramp, the muscles of the ball of the thumb, the 
interossei muscles, hand and finger flexors, etc.). 

(ft) la the most common, the spastic forms, on the 
contrary, the cramped muscles should be spared as much 
as possible aud not be made to contract. At most they 
may be stroked oandooaly with the labile An, with weak 
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galvanic cnrrentfi. The same holds good for the very 
rare tic-like cases, sach as I have seen in the upper facial 
r^ion of a watchmafreg. On the other hand, the antag- 
onists of these muscles may be treated with strong local 
faradization (with the interrupting electrode) in order 
to produce a beneficial effect by their final strengthening 
as well as by passive stretching of the cramped muscles. 

(c) For the tremor-like forms, the same holds true as 
has been said of "Tremors." 

The mixed forms, which are not infrequent, should be 
treated according to the principles mentioned, combi- 
ning in individual cases. 

Vasomotor and Secretory Neuro6E& 

To these belong local blushing or paling, local vaiomotoruKi 
asphyxia, erythromelalgia, transient local edema, urti- f^JJ]^^ 
caria, hyperhidrosis, etc. The prospects of electrical 
treatment of these conditions also are not brilliant. Gal- 
vanization of the sympathetic should be tried (see above 
under "Chorea"). 

In erythromelalgia and in the severe forms of local 
asphyxia (Raynaud's disease) galvanization of the spinal 
cord may be tried also. In the slighter forms of local 
asphyxia as well as in acrox>aresthesias a transient bene- 
ficial result is often noted from faradic brushing of the 
affected ends of the extremities, e.g., the finger-tips, also 
from local electric warm-water baths (see page 209). 

See also the Appendix (Permea-electric treatment). 
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, The treatment is similar to those given 
and 198 for cephalalgia. It would probably be worth 
while to try galvaiiizatioa of the head or of the sympa- 
thetic, especially for the so-called acgioparalytic forma, 
i.e., those accompauied by extreme poleoess of the face. 



Basedow's Disease. 



} 



Sympathetic galvanization has been recommended f( 
tliis disease, too. But we may also — if we regard Base- 
dow's disease as au affection of the oblongata — nse gal- 
vanization of the medulla oblongata by applying two 
electrodes of equal size, of moderate diameter and well 
moistened, to the two mastoid processes. The current is 
allowed to circulate first in one direction, then in the 
other, but special care must be exercised here in turning 
the current off and on gradually, and the current direc- 
tion must not be changed with the circuit closed. Cor- 
i-eut-streugths should be small, i.e., ^ to 1 j ma. 

The galvanic electrization of the struma (or in cases 
in which there is uo struma) of the thyroid promises the 
most success iu the thei-apeusis of Basedow's disease — 
and in many cases seemingly with quite brilliant success. 
The arrangement and size of the electrodes as well as the^ 
otlier rules are the same as in the galvanization of the ob- ' 
lougata. The electrodes are applied at both sides of the 
struma. The treatment lasts about five to ten minutes. 
Here, ngaiu, the current is sent through, first iu one 
direction, then, after being turned off cautiously and 
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gradually, in the other. libotte reeommendB very 
strong currents (60 ma. ), acting for a long time in this 
instance. Faradization of the stmma with very strong 
currents (plate electrodes) may be tried also. 

KOCTUSNAL ENUBEBia 




In treating this symptom, as a rule, it is better not to iiocianii 
use bougie-shaped electrodes, of which various forms 
have been made and which are to be introduced into the 
urethra^ while the other pole, supplied with a large iu- 
differoit plaie electrode, is applied at the sternum or 
sane other wmA point. We should never use a bougie 
or a catlKter UMksm eompeUed by necessity. Biuee tlie 
boogie dwtndei are not covered at the ends, they easily 

Miembnuie. Doubtless an external 
fee very favcvaUe resnltsL For tbi% 
oueeBeemAe ^Kjl j mtay be apftkd to the lumbar regioo 
aid tfae mAmbt (Ajilj om dbe penneum* then medium gal- 
Tank- (i "^ € wuLj <0r irfia m fars^c ettrmits are 
tmiubA 4111, •ur litf; Ejl maj be* wppHutd in the lumbar 
regMu litf; Ajl. 4nfv litf; wfmpkfiiB pulm, aind we pnh 
ewsd 231 i&ifr MMOBuit wsgf-^ 4r fttiDy^ the Ail is MffiksA at 

MM ^nt mamt -wmf^ 
Is jdQ ewnfe in i wftn m rf ii eft w J ka rf tifial sbe ifjbwit M 

crthw fthnaairw uT "tti^ «piudl «i«A. wiA 4# jwwara^thwiir 
sufl Ignttconf: jartiwm ouf !W f te mta B Jui Ititr «hw vi^r^ 
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Treatment with the bougie-shaped electrodea sboald^ 
be decided upon only iu ezceptioQal, very obstioate caaeft' 
or {e.g., ia aeuraAtheuic aud hysterical urioary dtsor* 
ders) to get a certain suggestive effect. Then the faradio 
current ia always to be preferred, or, if the galvauio 
must be used, the current must be oontinually reversed 
(Volta'salteiiiativc). It need not be emphasized that 
the moat careful asepsis must be obsened iu iutroducing 
the electrode. 

(f ) Biieaiei of the Jointi 

Joint mwun Acute diseases of tlie joiuts, especially the purulent 
and other infectious diseases, are debarred from electrical 
treatment. For the rest, especially the subchronic and , 
the chi'onic, the therupeusis is on the whole the f 
however widely their etiological and anatomical basis J 
may differ. The following methods are used most: 

1. Electrizatiou of the diseased Joint with not tool 
weak curreuta (faradic, or, better, galvanic), the jointi 
being put between the two electrodes. The size of thaJ 
electrodea depends upon the size of the joint; the dnra' j 
tioQ of electrizatiou is abont ten minutes. Au electro- 
lytic effect of the current is counted upon here. Recently 
writere recommend very strong currents (up to 50 ma.) 
in order to produce electrolysis. 

2. Boiling the region of the joint by means of the 1 
massage roller may be employed ; in this faradic corrents:! 
(and galvauic also) of moderate strength may be used. I 
In regard to manual massage, see page 187. 

3. It is often well to use electric baths iu treating 
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articular diseaseB, and either the full baths (in extensive 
polyarthritis, see page 197) or local baths in more lim- 
ited diseases — e,g,, in a sabchronic or chronic rheumatic 
or gouty arthritis, which affects only a hand or foot, or in 
ankylosis of the hand and finger- joints, etc. The cur- 
rent may easily be conducted through the bath if an in- 
different electrode is applied to the body {e.g., at the 
sternum), and the other is sunk in a wooden or earthen 
vessel filled with warm water ; or if the conducting wire 
of the other pole is connected with a current-conducting 
vessel {e.g., a metal tub or pan) by a binding-post 
soldered oh to it, so that the bath-pan is connected with 
the circuit as an electrode, as it were. Besides, the 
static and the high-frequency currents also are used in 
rheumatism of the joints (see the chapter on this sub- 
ject). See also the four-cell bath, page 198. 

4. In cases of muscular atrophies which often accom- 
pany diseases of the joints, local treatment of the mus- 
cles should be applied in the usual way (see pages 182 
and 184). 

Proceed according to the same principles in diseases 
of the tendons and tendon sheaths ; no details need be , 
given in r^ard to these. 

{fg) Diieaies of the Internal Organs and Oeneral Diseases 

Special metal electrodes are made which can be intro- Dangwinuie 
duced into the interior of the organs, as different poles, **' Kiectroci« 

° r- — » Internally 

while the indifferent electrode is applied outside. Such 

electrodes exist for the stomach, the rectum, the bladder, 
14 
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\he female genitals, the laryux, aad the nose. All meta 
electrodes if iatrotluced with the galvauio current way 
easily ulcerat* the mucous membraues, therefore thej^ 
are usually to be discarded. If they are applied uever- 
theless, theu coustaut reversal of the current (Volta'i 
alternatives) should be made in order to avoid uleem- 
tious. Such electrodes {e.g., for the stomach, oue whidl 
cau be swallowed, or oue in the form of a stomach-tub^ 
introduced after the patient has taken from one to two 
glasses of water) cau be used better with the faradic cur- 
rent. Generally, they are superfluous even for this, and. 
may be replaced by exterual applications of the current 
with the same success. Internal application should be 
employed only in case of necessity or for the purpose of a 
particular suggestive effect. Exterual applications may 
be made iu the following manner: 
B 1. Diseases of the stomach and intestines are treated 
mainly with faradic currents, and generally with rather 
strong ones. Atonic conditions particularly lie within 
the province of electrotherapy {atony of the stomach ; 
ectoais, either nervous, catarrhal, or that remaining after 
ulcer; gastroptosis, eructation and nervous vomiting; 
intestinal atony ; chronic habitual constipation ; chronic 
catarrh). In these cases a plate of from 400 to 500 sq. 
cm. diameter, thoroughly moistened, is applied to the 
back of the neck, while a smaller one of about 50 to 100 
sq. cm. diameter, or a massage roller is applied in a 
labile manner in the direction of peristalsis, with pres- 
sure, across the stomach or the colon, or is applied sta- 
tionary—at various places over certain points. Inter- 
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[ raptiODB may also be made at these points, if the 
I exciting -electrode has aii interrnpter. For this the cur- 
t rent must be rather strong, with a duratioii of ten to 
fifteen minutes. 

Many authorities prefer the galvanic current. In sub- 
acidity of the gastric juice it seems to be even superior 
to the faradic. In this a large iudifferent back-plate 
(see Fig. .10) is moved over the stomach or the intestine 
iu the direction of the peristalsis for about ten to twenty 
minutes with a current strength up to 50 ma. The com- 
bined current is also applied iu the same way. 

With this, galvanization of the splanchnics (Ka. with 
strong currents at the sixth to twelfth dorsal vertebra) 
cau be combined, especially iu constipation. 

In most cases internal faradization (see above) is evea- 
I tnally also permissible. Iu this case th^ internal elec- 
l trode remains stationary, while the outer one is labile, 
r Tliis is contraindicated in vomiting, eructation, and re- 
[ pirgitatiou. Any electrization is forbidden iu recent 
> ulcers, acute catarrhs, tumors, tuberculosis, and threat- 
P fining peritonitis; it is generally discountenanced also iu 
hyperseci-etion . 

Strong labile faradization of the intestine — galvaniza- cuiuupuKm 
tion or galvano-faradizatiou (with the Ka. at the back, 
. or, less to be recommended, in the rectimi) is said to 
\ have relieved several cases of intestinal occlusion and 
obstinate, acute constipation. It must be applied two to 
three times daily for fifteen minutes. What has been said 
above in regard to the precautious to be observed in in- 
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It has been reported that evea strangulated hei 
have been reduced by sti-ong farodizatiou of the local 
abdominal muscles applied for ten to fifteen minutes. 

What has been discussed above under neuralgias 
tics holds good in general for the motor and seusoi 
irritations iu the region of the digestive tract Gastric 
spasms, cardiac cnuup, lead colics, cardialgias, and in- 
testinal neuralgias are generally treats with the local 
anode (50 to 100 sq, cm, diameter), with the large in- 
different kathode applied preferably at the back. Thft] 
gradual turning ou aud off is done as usual, only 
currents are consldenLbly stronger, up to 16 to 26 ma. 

Others recommend faradic brushing or increasing in- 
duction-currents (see page 186). Iu so-called heartburn 
and nause-a, galvanization of the sympathetic or vagus 
should be tried (descending from tlie upper end of the 
carotid hollow to the jugular, with weak currents). 
I The real gastro-intestinal neuroses (nervousdyspepsia, 
bulimia, anorexia, nervous diarrhea, membranous en- 
teritis, etc. ) are to be treated like the neuralgias. But 
a general treatment is here particularly recommended 
(general faradization or galvanization, electric baths). 
In dyspepsia faradization may be applied straighfel 
through the hypochondriac region. 

Cramp aud paralysis of the sphincter aui are treated 
like all other conditions of cramp and paralysis. 

2. Heart diseases. Only the neuroses are treated 
electrically. For method, see page 201. 

3. In muscular paralysis of the larynx or functional 
disturbances (aphonia) external faradization or galvan- 
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ization of the laryngeal region may be applied with a urynfmi 
stabile or labile kathode; or weak internal galvaniza- 
tion or faradization may be applied without injury with 
a covered laryngeal electrode under the 
control of the laryngoscope, the indiffer- 
ent one being applied at the sternum 
(Fig. 33). Paralysis of the soft palate 
{e.g.y diphtheritic) is treated in the same 
manner. 

4. For bladder and sexual diseases, see 
pages 207 and 200. The faradic current 
is also said to l)e an emmenagogue. Far- 
adization of the uterus is also often employed as an 
ecbolic. 

5. In scleroderma and some skin diseases, e.g., prurigo, 
sympathetic galvanization should be tried according to 
some writers. In regard to Teslaization in skin diseases, 
see the chapter on that subject. 

6. In chlorosis and anemia general faradization or cuoratis 
electric baths are often of advantage. 

7. For the treatment of metabolic diseases, see chapter Metabolic 
XI. on Teslaization. 



Fig. 33. 
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CHAPTER IX 

H Galvano- and Farado-Therapeatic Apparatus 

It is the task of au elect rolherapeiitic guide to de- 
scribe all or even many of tlie numerous apparatuB 
or accesHory apparatus which have beeu constructed and 
recommended for electro-diagnosis and treatment. It 
must be left to the one who wishes to acquire an ap- 
paratus to decide questions from the catalogs issned by 
the large firms. Here attention will be called briefly 
to the points which must l>e considered in the acqui- 
sition, choice, and use of an apparatus for galvani- 
zation and faradization. The requirements demanded 
of a good apparatus are: (1) Greatest possible constancy 
of cells; (2) greatest possible exactness and handinees of 
accessory apparatus ; and (3) cheapness. 

Constant Cells. 
coMUDt Cells If ^c put a cell together in a simple way (see page 
3), immersing two metals, e.g., a piece of zinc and a 
piece of carbon, in a fluid (acid solution), an electrolysiH 
of the water contained in the solation, a separation into 
H and 0, goes on during the time the metals are im- 
mersed. While the hydrogen collects on the negative 
metal, the carbon, the oxygen combines with the posi- 
214 
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tive mefal, the zinc, to form zidc oxide; if the acid con- 
tains sulphur, the oxide of ziiic combines with this and 
forms sulphate of zinc, which dissolves in the fluid. 
Thus there occurs, first, a gradual decrease of the zinc ; 
secondly, a gradual coating of the carbon ; and thirdly, 
a gradual change in the fluid of the cell. These three 
circumstances contribute in producing a gradnal weaken- 
ing of the electromotive force of the cell. We call this 
process polarization. It finally causes the appearance of rni«r 
stronger and stronger contrary currents in the fluid of 
the cell, and thus gradually produces entire inactivity of 
tlie cell. If we use cells of this kind for working gal- 
vanic batteries, we must be careful («) that the metals 
are immersed only while the battery is being used, and 
afterward are lifted out at onc«; (ft) to renew the fluid 
after it has Ijcen used several days — that is, as soon as 
we have noticed that the current which the apparatus 
gives has gradually become weaker; and (c) to renew 
the zinc plate after it has l>eeu used for several weeks 
or months. Cells of a simple structure like this have 
been made; they form the so-called dip batteries which 
are used for working the portable galvanic apparatus oipBaiwuM J 
(for its description see below, page 222 and fol- 
lowing). 

I In order to avoid the disadvantage connected with the 
continual filling and repairing, and in order to get a 
greater constancy of action, the attempt has been made 
to construct so-called constant cells, in which polarization 
is avoided as much as possible, and consequently no 
wearing out, or only a very slow one occutb. 
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Of these cells is U> be mentioned first of all : 
I 1. The Leclancb6 cell (Pig. 34), probably 1 
constAiit aud most widely nsed cell. It c 
zinc rod, u large cai'bon-maQganeae cylinder which sur- 
roiiiidfl the rod, and a suialler porous clay cylinder which 
separates the two metals from each other and extends to 
the bottom of the vessel. The liquid ts a saturated solu- 
tion of sal ammoniac. On account of the separation of 
the metals from ca«b other electrolysis and the formation 
of contrary currents are made so difficult that polariza- 
tion occurs only after an extensive use of several months. 
With a battery which consists of cella like these there » J 
nothing to be done except to add some fresh solution 1 
from time to time, when a decrease iu the current- 
strength is noticed. Only after months, or with moder- 
ate use after years, need the zinc rods 
be freed from the crystals which col- 
lect on them or t>e renewed. Thus the 
ceil is very constant. Of the numer- 
ous forms and modifications of this 
cell, the one given in Fig. 34 is prob- 
ably the most used. 

2. The Daniell -Siemens cell (draw; 
in cross-section in Pig. 35) was for- 
merly widely used, but now has been 
"''"'"celr'"""^ almost wholly supplanted by the one 
described above. It consists of zinc, 
copper, and a diluted sulphuric-acid solution. The 
copper is iu the form of a rod with a spiral lower 
end. This rod is immersed in the fluid, which also 
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contains pieces of copper sulphate. The zinc is in the 
form of a cylinder and siin-oimds the copper rod. Be- 
tween the two metals there is a funnel, whose broad 
opening rests on the bottom of 
the jar, and whose upper part 
consists of glass and lower of 
clay. The funnel is held in 
position by pasteboard stuffed 
in aronnd it. The clay cylinder 
rests on the pastetward ; the 
copper rod is placed in the fun- 
nel. Thiscell also is very con- fiq.k.- PwtinnotBrwnLsii- 
stant. 

3. There are dry batteries of most varied eonstnic- 
tion. They are need for portable apparatus more fre- 
quently than for stationary ones. They have the advan- 
tage of being easy to carry, but have the disadvantage of 
being rather more expensive, (For details see below. ) 

Abbangement ok a Stationary Apparatus and of 
AccEBSORY Apparatus. 

The great majority of batteries which are used in (he wmmuut ' 
larger stationary apparatus exinsists of Lechanvh^ or 
Daniell cells, such as have been described. The battery 
consists of about from thirty to sixty cells, which are 
generally arranged in a table drawer in series, as de- 
scribed above (page 7). Besides these, there are in 
the drawer two cells of the same kind (connected simi- 
larly) which are used for the faradic apparatus. The 
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other arraogemente of a stationary apparatus for the 
galvanic and faradic carreiits have been deecribed in de- 
tail above (page 7 and following). Of course there 
are unmerouH modifications in the construction of appa- 
ratus and accessory apparatus, which need not he dis- 
cussed more fully here. Only the following [Mints are 
to be mentioned: 

As to a rheastiit, there should he used preferably one 
of the metal rheostats of German-silver or similar wire^ 
In the apparatus supplied by Leclauchti cells the rheostat 
is usually for technical reasons pla<%d iu the direct cir- 
cuit (see page 16 and following). For smaller portable 
apparatus other rheostats are used, which will be de- 
scribed lielow. The larger the rheostat is (the more con- 
tacts it contains) the finer is the gradation possible in the 
current-strrength. 

The vertical galvanometer made by Hirschmann ia 
one of the latest, and is highly (o be recommended. It 
answers the demands made upon a galvanometer in an 
almost ideal manner. There are galvanometers in com- 
mon use which contain a horizontal needle that swings 
on a horizontal scAle (horizontal galvanometers). How- 
ever, the vertical ones are to Iw preferred, because it is 
possible to read them easily and (piickly. The galvan- 
ometers after Deprez-d' Arson val, which can be em- 
ployed In any position, are just as easily used. 

The older forma of (vertical) galcanometprs in which a long time 
la required for the needle to come to a rest in current fluctuulioDs 
are not practical; before the current -strength present can he read 
from them, a change in it lias often taken place hy the lowering of 
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■kin resUtooce, so that one reads a false result. The needle o( the 
firat mentioned galvanometer, on the other band, moves evenly, and 
by the absence of Quctualions makes quick reading possible. 

Galvanometers also are made in various sizes. The 
largest permit of a reading of the smallest fraction of 
a milliampere. Therefore they work most exactly. 
Many firms have recently made meters which by means 




of a slight switching may be used either as galvanom- 
eters (amperemeters) or as voltmeters, from which not 
only the current intensity, but also the (volt) tension can 
be read. This takes into especial consideration the ex- 

Iperiments of Dubois mentioned atwve (page 12, foot- 
note) according to which the Ka,CI.C, depeuds not on the 
intensity alone, bnt upon the tension. So long as these 
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experimental resnlte are atill contested, such apparatns 
is quite SQperflaons for the practitioner, 
u coiiecton Of cell-colEectora, those constructed by Reinizer, ( 

berti, and 8chall are particularly to be mentioned. They 
contain a so-called double- collector (see Fig. 37) which 
makes it possible to include iu the circuit any desired 
number of cells of a battery (begiuuing at auy cell in the 




series). Thus quite an even and economical uae of the ■ 
battery is made possible. The price of a stationary ap- 
paratus for the faradic and galvanic current which will 
meet all demands varies. 

In localities where there is an electric-lightiug or other 
direct current dynamo-plant* it is best to have the 



* Alternating cuixeot plauts c 
which cbangeB the alternating cui 



A transformer 
irrent Is costly. 
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eleotro-therapeutic apparatus coiuieot«d with a atireet 
wire. This saves the buying of cells and cost of repairs. 
By resistauces (iucaudescent bulbs) included in the ap- 




paratus constructed for this pui-pose the cnrrent pro- 
duced by the street system, which is far too strong for 
oar use, in so far weakened as, with the aid of lar^ 
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rheostats, to be practicable for diaguofitic and therapen- 
tic ends. 

These apparatua are ooiisiderably cheaper thau those 
iu which cells aie uaed. They are made either iu the 
form of tables (cabiuet*), like those with cell-batt«ries, 
or iti the shape of wall cases, often of very pleafiiug ap- 
pearance (Fig. 38). The cases hsive the advautage of 
ecouomy of space aud greater cheapness, but the tables 
are more useful for fine current gradation becaofie they 
can hold lai-ger rheostata 

Portable Appahatus. 

For treatment outside of the physician's office portable 
apparatus are made. 

The faradic portable apparatus are couBtmcted (see 
Fig. 39) ou the sauie principles as the stationary, only 
the spirals are, as a rule, smaller. The spirals and one 
or two active (Leclanch^) cells are placed iu a wooden 
case, which can be closed. By inserting a plug or by 
moving a contact-lever from the contact R (rest) to the 
contact T (activity), or from the contact A (exclnsion) 
to the contact E (iuclnsiou) the apparatus is set into 
action. By pulliug out or pushing in the secondary 
Kpirals, or the steel core (see page 26, footnote) the 
current is strengthened or weakened. In many of these 
jwrtable induction-apparatus it is jKissible to get a 
primary current from a binding -post designated J* (extra 
current, see page 27), or from P.S, both currents to- 
gether. The primary current has little piactical signifi- 
cauce. The smaller these apparatus are the less exact 
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ofteu do they work, and tbe less oaeful are they for elec- 
trical examinations, since they nsaally produce only 
strong currentB, and not the weak ones necessary for 




diagnosis. Portable apparatus also are often made with 
accessory apparatus. 

There are also portable induction-apparatus, vhich are ( 
run, not by Leclanch^, but by dip-cella (see page 215), 
The latter are used in the form of flasks filled with a 
chromic-acid solution, into which a zinc and a carbon rod 
are plunged. These chromic-acid cell» are quite service- 
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able also for niumug faradic as veil as stationary ap- 
paratus ; only the zinc rod must be taken out every time 
after use. Dry cells also may be employed for portable 
apparatus. They have the advant^e of being safely 
portable and of great durability. The prices of service- 
able portable apparatus vary; the cheaper ones are 
usually not adequate for diagnosis and finer therapeosis. 

In the portable galvanic apparatus chromic-acid bat- 
teries are geiierally used (e.g.. Fig. 40). In a wooden 
box there is a trough which is divided into numerooB 
compartments or cells (20, 40, 50j. Each of these oelU 
forms a separate little vessel, which is filled with a 
chromic-acid solution. From the plate of the box an 
equal number of zinc and carbon rods, arranged in pairs 
(20, 50), fastened by screws, hang down into the inside 
of the case. They are arranged in parallel rows of ten 
each. For each pair of zinc and carbon rods there is a 
corresponding metal contact on the plat« of the box. 
By means of a lever arrangement at the side of the box 
the trough with ite compartment filled with fluid can be 
raised so that the rods are plunged into the solution; 
then the galvanic current is generated, which 
ducted in the usual way from the two binding-posts by 
means of insulated wires. 

In this apparatus there are also fonnd: 

1. A small current- re verser (see pa^ 21). 

2. A small absolute galvanometer * which is made by 

"The older apparatus coDlained In place ot this a so-called gtA- 

■ vaaoscope. whicb only iodlcatcs nbetber a curreni U pTesent or not, 

but does not inakc possible a readlog Id absolute n 
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moBt firms for a very small price, ami wbicli works ao- 
carately ; aud 
I 3. Generally also a small rheostat. Metal rheostata I 
are uot often used for this purpose, but either graphite 
rheostats (see Fig. 41), which, by the way, ofteu work 
uueveuly, or, what is better adapted for this use, Euleii- 
burg's fluid rheostat (see Fig. 40, at the left, Z). The 




littler (^ouHiHtM of a suiiiil cyliudriL'iil box filled with water 
in which larger or smaller resistances are included by 
meaus of a screw-shaped arraugement'. 

The cells are included either by means of a cell-col- 
lector like that in the stationary apparatus (see page 
9), or by means of a sliding arrangement which movea 
over the eontaets on the plate aud permits one cell after 
another and one row of cells after another to be used. 
(In the older apparatus, instead of this slide, there were 
arrangements for plugging. A progress from contact to 
contact was made possible in a complicated way by 
the insertion of a three-forked conducting- wire into 
metal sockets.) One must be sure to rememt>er after 
use to separate the acid solution from the metal 



r 



APPARATUS 



227 



rods, by loweriog the trough which containa the fluid. 
For, aa has beeu said above, the polarization in these 
plunge -batteries is considerable, and, therefore, they 
wear out very quickly. In many portable batteries au 
obstruction at the side of the bos, which prevents it 
from being closed, acts as a reminder lo lower the 
trough. Ill geuerol, it is necessary to renew the solution 
in all these appai-atus after several days' use, and from 
time to time to renew also the zinc rods. In setting up 
the apparatus one must be careful before using it that 
the needle of the galvanometer swings freely aud points 
exactly to zero when the apparatus is at rest^ lu hori- 
zontal galvanometers of course it points nearly to the 
north when it swings freely. This must be regulated 
each time before begiuuiug au electrical ti-eatmeut by 
turning the apparatus or the galvanometer. 

The modifications of these kinds of apparatus are very 
numerous. Instead of plunge-batteries, with chromic- 
acid c«ll8, others are made with Leclaneh^ cells. But 
they are less fitted for transportation because of tiie 
weight which these relatively large cells add to the ap- 
paratus. Dry cells are rather to be recommended for 
galvanic apparatus because of their greater durability; 
but since the entire dry cell must be replaced by a new 
oue when it is worn out, and the repairs are very con- 
siderable, the cost of maintaining the battery is some- 
what higher. 

On a pinch one can do without a rheostat in portable 
apparatus for practical purposes. To be sure, in that 
case, one must be willing to accept certain inconveniences 
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(e.g., in galvanization of the head), and certain inaccur- 
aciea (e,ff., in determining the minimal contraction). 
But taking into consideration the small size, the lov 
price, and the utility of the graphite and fluid rheostat it 
is preferable not to dispense wilh the advantages of thia 
auxiliary appai'atus. No one who would practise elec- 
trotherapy or diagnosis seriously dai'e acquire an ap- 
paratus without au absolute galvanometer iu these days 
when they are made at all prices. One is utterly in the 
dark unless he knows each time the strength of current 
present ; this will be sufficiently clear to the reader of 
this guide from what has been said in former chapters. 
Galvanization without a galvanometer is bungling. 

The price of a portable galvauie apparatus faruished 
with a rheostat (fluid rheostat) and with a small absolute 
galvanometer varie,s between ftiO and J300. Rbeoatats 
aud small galvanometers can be bought at moderata 
prices. 

After what has been said, it is probably nuneoeBSary 
to add that the widely sold miniature apparatus for self- 
galvauization, which (applied, e.g., iu ladies' hats) are 
supposed to produce a continual, imperceptible "auto- 
galvanization " of the head and the like, ai-e wholly use- 
less if not injurious because of the lack of attxiliary 
apparatus, the inconstancy of the cells, and, above all, 
because of the lack of control of all important factors. 
At best their effect is suggestive. 

Most limis manufacture a portable apparatus which 
contains the gah'anic and the faradic apparatus in one 
ca.se. The unavoidable iucrease iu weight makes it leaa 
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easily carried, and the induction -apparatna can be lees 
accurately regnlated, ae a rule, because of its necessarily 
small size. 







FaniUc Appuxtiu. 



For him who wishes to have both carrents withoat 
buying a lai^e stationary apparatus, it is advisable to 
chooee two portable apparatus — one constant and one 
faradic It is not so neceesary for a physician practising 
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in a large town to buy portable apimratiiB, becauae the 
larger ftrma rent tliein by the week or the month to pa- 
tients at their homes. But in a small town or in the 
country a portable apparatus is more necessary to the 
physician than a stationary one. With two good port- 
able apparatus one can get along very well, not only in 
his own house, but outside also. 

If it is desired to utilize the convenient current-changer 
(see pages 28 and 30) for two portable apparatus, 
which makes it possible, as in the large stationary ap- 




paratu.s, to get either the faradic or the galvanic current 
or both from one biodiDg-post, this can be done very 
simply. On the table on which the two portable ap- 
paratus stand, and between them have fastened a small 
block of wood, with the de Watteville (Fig. 43) contriv- 
ance for changing the current (which may l)e bought 
separately in the electromedical factories) ; two connect- 
ing wires drawn across the table, which one can easily 
arrange himself, make the changing possible just as in a 
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stationary apparatas. Before transportation the contact 
arrdDgements aiv unscrewcf]. 

In this way at a low cost one can procure almost all 
the advantages which a stationarj- apparatus offers. 

As to the etock of electrodes, it will be well to have 
on hand covered, pliable plates of various sizes (200, 
100, 50, 30, 20, 10, 5, 3 sq. cm.), and besides these 
several electrode haudles, among them ouo with an in- 
temipter (nee page 40) which, tho not indispensable, is 
still very convenient for purposes of investigatiou. A 
brush or pencil-shaped electrode (see page ISl) and a 
roll for massaging (see page 187) are likewise to be rec- 
ommended. A neck electrode also is a convenience 
(see page 89). For local treatment with increasing fa- 
radic currents an uncovered button-shaped metal elec- 
trode is selected; Erb's electrndc for determining sen- 
sibility is shown on page 148. The plate electrodes, 
covered with flannel or leather, which were formerly 
used, are to be discarded because they do not take up 
nor hold sufBeient moisture. The best covers are those 
made of lineu over a moss cushion. Care should be 
taken to hold these electrodes in water for some time, 
especially if they are new, in order that they may become 
thoroughly soaked. It is not sufficient to dip them in 
once; they mnst be soaked well if they are not to offer 
too great resistance to the current. 

Special electrodes bave rcccolly been made tor the stAbile use of siwcui Eiea 
strong galvanic currenU (see page 177. footnote) with which the 
ulcerating effect is donp away with nr tonaiderably reduced. That 
of BergoDle Is the original one. I my aelf occasionally useLuraachi's 
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(Milan) electrodes, which consist at rubber plates padded wiUi claf 
and covered with parchment: tbey arc flexible, aod are kept con- 
Unually in a 3.5 per cent, boric-acid solutioD. Both forms of elec- 
trodcs inake the use of high-current strengths possible by 
their flexibility. Prankenhttuscr'g electrodes are so cotistructed that 
the electrolysis cauB(>d by the current takes place ta the electrode 
and not in the patient's skin. Thus all iilceratlog effecta are 
avoided. Large and easily regulated rheostats are necessary when 
strong galvauin currents arc used. 



That a practitioner who posseeseH only one portable 
inductiou-appamtus, as is often the case, may achieve 
therapeiitif i-esults with it and get diagnostic indicationa. 
appears possible from what has been said in previous 
chapters. For most groups of diseases and single dis- 
eases Juetliods ai'e indicated which demand the faradio 
current, and whirh at a pinch may lake the place of gal- 
vanic treatment. And as far us diagnosis and prognosis 
are concerned, the loss of faradic muscle and nerve ex- 
citability points to serious changes, whereas in one-sided 
peripheral affections, for instance, a retention of the 
normal excitability fully equal to that of the healthy 
side in all probability points to a slight prognostically 
favorable disease {srauted that the necessary period of 
latency has pas.sed since the beginning of the disease). 
This much is certain, that even with few appliances one 
who undenttauds the methods will be able to accomplish 
much more than many who possess a complete coUectioD 
of instrameots. 




CHAPTER X 

m. Franklinization 

By '^ franklinization" we mean the diagnostic and static ueetrtdty 
therapeutic application of Franklinic, quiescent, static, 
or tension electricity This is the form of electricity 
which originates from the friction of certain bodies and 
which is disposed to spread out on the surface of the so- 
called conductors, and to remain there, '^ quiescent, "as 
it were, and in tension. It spreads out, especially at the 
end of these bodies, and the tension there is, therefore, 
greater than in the middle. It is greatest at the points. 
When it has passed a certain limit, the tense electricity 
leaves the body in the form of a spark, which forces its 
way through non-conductors, e.g.^ the air, and struggles 
toward another point — that is, a discharging-conductor. 

We distinguish two kinds (qualities) of this electric- 
ity; positive (glass) electricity, and negative (resin) 
electricity. Non-electric bodies are those in which both 
forms of electricity are actually present, in close connec- 
tion, mixed, as it were, in equal quantities ('' combined "). 

Through contact with electrical bodies the so-called siectrtcai bcmum 
non-electrical bodies may become electrical (electrical 
communication); they then receive that kind of elec- 
tricity, which the body in contact has (positive or nega- 
tive), and conduct it over their surface. 

288 
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But electriciil bodies also eserciae an influence, at 
distance, on the non-electrical. This is called iudnotion. 
There occurs in the non-electrical bodies from the mere 
juxtaposition (without contact) of the electrical bodies a 
division of the kinds of electricity (electrical influence) 
present in them in such a manner that one kind of elec- 
tricity collects at one end of the non-electrical body, the 
other at the other end (polarization of the body). E.g., 
if the first electrical body is positive, then negative elec- 
tricity collects at the end of the non -electrical body 
tamed toward it, and positive electricity at the farther 
end, and vice versa, . The latter (i.r., the electricity of 
the farther end) may be discharged by contact with a 
conductor, such as the hiunan body, e.g., the finger, or 
some other conductiug-Bubstance connected with the 
ground. If that occurs, then the remaining (the ne^ 
tive) electricity spreads over the entire body.' 
I But this (second body reacting now "binds" a i«rt of 
the electricity of the first, which can then take up new 
electricity, and so on. This is the principle of con- 
densers. They serve to multiply (potentialize) the small 
quantities of electricity present. The Leyden jar or the 
Franklinic plate (an isolated glass plAie, on either side of 
which there is a metal [tinfoil] coating) are condensers 
of this kind. 
The influence-machine* used by phjrsicians are based 

* If we wish lo preserve the electricity prescnl !□ an electricftl 
body — that is, prevent It from giving off its electricity to the con- 
ducting- ground, wc "insulate" It — tbat is. we separate It from Its 
surroundings by a non -conductor, e.g., gUsa, le^, or hard rabbei. 
Air is also an insulator. 
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on this principle. A machine of this kiod, widely nsed nmume* 

NuhlDca 
in Berlin, modified by Eiilenbiirg according to Holtz's 

apparatus and made by Hir&chmaDu, is represented in 

Fig. 44. Others prefer the Wimshurst machines, which 

are made by various firms.* The iafiuence-machiue en- 




closed in a glaas case (as a protection against dust and 
dampness) contains two glass plates standing parallel 
on edge, of which the one in the rear is stationary, the 
other in front rotatable by means of the wheel at Z. t 
t! eIaboral« machinug arc in use In the United 



* Larger aud i 
Stateei see Pig. 4fi.^E(l. 
t The wheel is rotated by hand o 
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D attached motor. 
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Most of tihe other part*, important in using the ma- 
chine, are fastened to a stationary bar of bard rubber, 
which crosses the case ti-ansversely (transverse bar 
D.J}. ). At 1 aiid 3 there are placed, diagonally opposite 
each other, two little wire brushes. Two similar ones 
are located at 2 and 4 on a diameter perpendicular to 
these, on an isolated metal rod (discharger) not num- 
bered. On the rotating plate there are placed in a circle 
at equal distances six small projecting metal knobs on 
little tiufoil plates. Now, if the rotating- plate is set iu 
motiou, the brushes strike the metal knobs, and by this 
friction produce small quantities of electricity. But the 
brushes, / and S, are both connected with the rear sta- 
tionary plate by means of a conducting metal bow, 7 and 
S in the figure. Now, as soon as any trace of electricity 
is produced at< I, aay, by friction of the brush, it is taken 
np by the metal bow and conducted to the metal disk- 
plate T, on the stationary glass plate. Thence it 
spreads out (by means of a tinfoil plate) over a paper 
c-oating a little more than a quarter of a circle in size on 
the left side of the rear plate. Through further rotation 
of the plate the brush {/) is gradually brought into fric- 
tion with alt the metal knobs, and tabes np more and 
more electricity from this friction, and gives it out, in 
the manner described, to the pairer coating of the rear 
plate, where it is collected, so to speak. The paper coat- 
ing becomes charged with a certain kind of electricity — 
that is, positive electricity. A very similar phenomenon 
is taking place on the diametrically opposite side of the 
glass plate, at brush S, where also, by means of a bow (8 
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in the figure) the paper coatiug of the rear plate is 
charged; there, however, with the opposite (negative) 
electricity. 

Now there are suetion-combs on the croes-bar (invisi- 
ble behind 5 aijd C in the figure), one at the right, an- 
other at the left, which colled and lead off the two quali- 
ties of electricity from the plate at the rear — the one the 




I positive, the other the negative. The more thcBe combs 
lead off, the higher is the tension of the two opposite 
kinds of electricity, which by influence gather in the two 
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metal balls ou the handles (which are visible above, 
about iu the middle of the figure in the case, marked -|- 
aiid — ). The metal (eooducting) balls may be brought 
together or sepai-ated by meaDH of the haudle F at the 
right side of the case. If they touch, the two kinds of 
electricity neutralize each other on the way through 
them ; if they are seimrated a little from each other, the' 
neutralization occurs by means of a spark leaping be- 
tween them. But if they are sepamted far enough they 
can not discharge, and then the two kinds of electricity, 
collected at the right and the left on the combs, are 
conducted by the metal connections placed at B and G 
through the cover of the case to the balls P and N, the 
4- electricity to the one, the — electricity to the other. 

By means of the conducting-cords attached at P and N 
and the connected electrodes, each of the two kinds of 
electricity can be conducted to the human body. For 
this purpose the conducting -balls -|- and ~ must be sep- 
arated far enough (about 5 to 8 cm.) by means of the 
screw F, that no spark can leap between them. Then 
while one pole is connected with the body, the other is 
led to the ground or to an insulating -plate of hard rubber 
lyiug under the feet of the jiereon experimented upon. 
Thus it is possible to conduct to the body a certain kind 
of electricity, positive or negative, 

Since the machines, after long use, do not always be- 
come charged in the same direction, it is necessary to 
determine each time before using them which pole is -|- 
and which is — . This can be discovei'ed best by ap- 
proaching the conducting -balls to within 1,5 or 2 cm. of 
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each other and allowing the spark to jump ; this shows 
a brightly Bbining streak at the -\- pole, a little shining 
point only at the — pole.* 

But there is a second possible way of dischargiug the 
electricity furnished by tiie machine, which is used when 
we wish to get currents of higher tensions. Above, on 
the cover uf the case, are two Frauklinic plates (see above, 
page 235), which can be included in the current by pla- 
cing on them two rod-shaped conductors at I and //. 
If the conducting -cords are now attached at / and II in- 
stead of at P and ^and connected with the human body, 
the current goes through both meta) coverings of the 
Frankliiiic plates. But, according to the laws of iuflneuce, 
the two coatings on each plate have two different kinds 
of electricity, aud so with this arrangement the electrici- 
ties of the iouer coatings cau neutralize each other, as 
cat! those of the outer coatings. The neutralization of t 
the iimer coating takes place within the case on the way 
thmugh the conductiugballs, uamed + »"<' — . that of 
the outer coatings through the human body. The farther 
the inside baits are apart and the mure forcible the spark- 
dischai^e which fakes place between them, the more 
forcible will be the discharge which follows in the tx>dy, 
which couuect.'i the outer coatings of the plates. Thus, 
when the plates are included, the condition is the reverse 
of that in the direct use of the apparatus. The force of 



* The infiulBt^d square metal rod doI named in Pig. 44 (discharger), 
wbk'li likewise has two brushes aod two Buct Ion combs at both 
ends, Berrea to prevent "reversing of Ihe poles" during a treatment. 
It ia nut necessary to go Into the details of thla. 
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rent from the contacts P and 
scribed above, by conduction frt 
after including the Frankllnie p 

The electrodes principally ii 
The head-plate (see Fig. 44 
a crown set with poiiitR — crown 
luetAl knob — knob elect rode. 

The following methods of ap| 
oui mended : 

1. Point radiation (discbai^ 
positive pole in connected with t 
a point or a crown attachment, ' 
is connected with the ground or 
plate of bai'd niblier. The e* 
brought nearer the body than 2 < 
5 to 10 cm. is also sufficient. Ir 
the conductingballs must be s 
discharge can take place betw 
em.). In tbis method of treatn 
pear at the points and ozone is e 
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2. The head douche (also called the static douche). ' 
Here also the dischai^ is made from P and ^V, and what 
has just been said is to be observed in regard to the con- 
ducting-balls. By means of a short wire the negative 
pole is connected with the head-plate X, the positive 
with the ground or with the insulating plat«. The plate 
J is movable by means of the seivw A', so that it can be 
removed from or brought nearer the head, or also adapted 
especially to certain parts of the head. It must not be 
brought nearer thau 5 cm. The nearer the plate the 
more intense is its action. By insulating the body by 
means of the foot-plate it may be increased. The dura- 
tion of the treatment is about from five to fifteen minutes. 
Here, too, the feeling of a pleasant breeze occurs, as well 
as the standing on end of the hair. This method has 
been succeesfaUy applied in functional headache and 
migraine (especially the spasmodic form). 

3. The static air-bath. With the same method of dis- siiii'Aira 
charging and the same position of the conducting-balls as 
in 1 and 2 the body is placed on the insulating foot-plate, 
or on an insulating chair and connected with the positive 
pole, while the negative is conducted to the ground. 
Thns the patient remains for about ten minutes while 
the machine is set in action. Care should be taken that 
he does not touch a conducting-body, lest he get an un- 
espeeted electric shock. There is either no sensa- 
tion or an indefinite one, similar to the one named 
above. 

In this application, as iu all others, the patieut may 
remain dressed. 
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The method is uaeil in runctioual nearoBes as a seda- 
tive to produce sleep, etc. 
I 4. The spark-current is applied in two ways: 

(r) With the same arrangemeut as described in the 
above eases — that is, with dischargiug from P and N 
(with the couductiug-lmlls separated). One of the two 
poles IB then connected with the foot-plate, while the 
other, generally the positive, armed with the knob-elec- 
trode, is brought to tJie body. Even with the electrode 
at a great distance from the body (10 to 30 cm.) sparka 
leap through the clothing with a snap, and by moving 
the electrode at certain {mints {e.g., muscle points) these 
can be insulated. This treatment, wbicli has a strong 
stimulating and reddening effect ou the skin, may be 
tried for anesthesias, neuralgias, diseases of the muscles 
and jointe, as well as for functional disorders of all 
kinds. It has also been recommended for paralyses and 
atrophies. 

(ft) The second arrangement is a different one. The 
Franklinic plates are included, as described above (page 
239) ; the discharge takes place from I and //, the con- 
ducting-balls are brought together, and thus the outer 
coating of one plate, e.g., at 7, is connected with a 
handle provided with a dry or a moist knob-electrode; 
that of the other plate is connected with the ground. 
The electrode is applied at the point of the body to be 
locally reached, e.g., on a muscle point. Then the con- 
ducting-balls are separated slowly and gradually by 
turning F; discbai^es occur between them which corre- 
spond to equally strong discharges in the body. Even 
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with a ball-distance of 5 to 10 miiL contractions occur 
normally, which may be increased still more by increase 
of the ball-distance. Distances over 3 to 4 cm. should 
not ordinarily be used. 

This method is occasionally employed in treating par- 
alyses (or diseases of the joints). The electro-diagnostio 
attempts made with it have not yet attained a final con- 
clusion (see also the Appendix: Discharging of con- 
densers according to Zanietowski). 



IT. Teiiaization 

(The Application of Iligh-t«usioi] 
to Teala aud d'Areoi 

The Croatian engineer, Nicola 1 
' years been making experiments in 
currentA for techuical purposes, w] 
currents hitherto known in their 
(Tesla-currents). About ut the aai 
and seemingly quit« independoiitty- 
thorong:h study of the effect of such 
dinarily high teusiou on animals i 
body. 

These "high-tension currents" are 
ing direct currents of i-elatively lo" 
dynamo direct currents of the uinmci 
into alternating currents of exceedii 
This is done in tie following manner 

The current from the central syste 
ful accumulating battery, before it 
passes through a large inductoriun 
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enough 1o produce, in certain ciyses, sparkK of 25 to SO 
cm. length (aud more). If the RuhmkorfT is mi going 
with the mereury interrupter in action, a current is re- 
ceive<i by conduction even from the secondary spiral, 
whose electromotor force (tension) is very great, con- 
aiderably gi'eater than the original aud chiefly so as a 
result of the frequent change of direction in the 
induction-coil. 

Thia high-tension alternating cnrrent is now conducted 
to two Leyden jara. As long as the induction-coil is 
active, there constantly Iciip between the dischargers of 
these jartu sparks, whose titrength and size grow with the 
power of the Ruhmkorff apparatus. These sparks, how- 
ever, it has been proved, are not uniform streaks of 
light, but rather con.sist of innumerable, very rapid, in- 
visible oscillations. Now, if the outer covering of the 
Leyden jars is connected with a solenoid (a short spiral 
of thick copper wire), there is produced in this latter a 
current with just as many interruptions as the leaping 
spark has oscillations; for every one of the hundred 
thousand oscillations i>er second which result means an 
interrnption of the current circulating in the solenoid. 
Consequently, the current tension in the solenoid risea 
to from 100,000 to 1,000,000 volts. 

This current may be conducted to the t>ody from the 
solenoid itself or from a secondary spiral connected with 
it. It is so strong that, by mere radiation through the 
atmosphere, it causes an unconnected incandescent light 
to glow, tho held at a considerable distance (Tesia 
light). 
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In Figs. 46 aud 47 tbei-e is shown one of tbe apparatus 
constructed for the application of " high-frequency cur- 
rents," made b; the firm of Reiniger, Gebbert & Scball 
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(without the wall-case and the current source). The 
diagram (Fig. 48) will explain the course of the current 
in such an apparatus. 
From a current source (street-lighting system or accu- 
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molating batteriem) coiiiiectiotm pa&s tlirougli a wall-caae 
to the Ruhmkorff. The cnse coiitaiiiH the apparatus for 
regalating the cuiTcnt (reaiatances, curreut-foverser) and 
for lueasuriu}; (iuuije re meter). Often it contaiua also 




the mercnry interrupter for the inductor (in Figs. 46 
and 48 it is at the right of the Buhmkorff). 

The EuhmkorfF, which in most apparatus prodnces 
sparks of at least 26 cm. length, is connected with the 
condensers— the Lejden jars — by means of two conduct- 
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ing-wires. At the upper end of the inner coating of the 
jam there are two metal rods with balls at the ends (diB- 
chargers), while the conductors from the onter coating 
lead to the two ends of a solenoid. When the apparatus 
is working, the equalization of electrical tension occurs 
in the form of a powerful spark (whose length can be 
regulated by moving the dischai'gers). As has been said 
above, the numerous invisible oscillations of this spark 
produce the desired frequent change of cuiTent direction. 

From this enormously powerful current, which causes ] 
an incandescent light to glow by mere radiation, one 
should expect, a priori, an apparent and striking effect 
00 the human body, especially on its motility and sensi- 
bility. This effect does not occnr. As a rule, neither 
the local nor the general application of the Tesla-cnrrent 
causes either muscular contraction or sensation lu the 
body. 

Under longer influences (of the cunenl), of courec, a painful red- 
dening of the skin, wltti swellfng and occasioDsl aDeBthesia. occurs, 
and when Ihe part is touclied lightly wilh Ibe condensing electrode 
(to bo mentioned later), a slight burning or prickly sensation, as 
well as alight contractions of Ihc muscles, may be produced. But 
these phenomena arc quantitatively out of all proportion lo the 
immense current tendon present. 

TTevertbeless, it is evident that the current passes the:- 
body, for if an incandescent bulb is placed in the hand 
of the person undergoing the test it begins to glow, but 
DO sensation occurs. 

Opinions differ as to how this fact is to be explained. 



mediiim frequencies of current c 
little to lesser and greater frequei 
ear to lower or higher DUmbera 
these two nor any other of the by 
Rnre foandatiou. 

The obvious inference that, I« 
on the body, the intfimal effec: 
might bo all the greater, seemf 
d'ArsoHTal's experiments. Ho 
increase of blood pressure in ani 
blood-vessels iu the ear of a n 
qnickening of metabolic assimih 
tioE of the high-frequency cun-ei 
vestigators, eapccially the French 
proved similar phenomena in hu 
investigation (T. Cohn, A. Lowy, 
Carvalho, etc. ) proved, however, 
were traceable to erroneous soi 
made by d'Arsonval as to the bi 
Tesla cnrrent have also recently 
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dications for ^^tedaizatioii," is of a more or less hypo- 
thetical natnre. 

Snggestion probably plays an important part in suc- 
oessfol treatment (T. Ck)hn). Teslaization is especially menpeuuc 
recommended by French investigators (Apostoli, Ondin, '^■**~"^ 
Doumer, etc.), and by others agreeing with them, for 
the treatment of: 

1. Diseases of metabolism: gout, diabetes, obesity, 
asthma, gall and kidney stones, rheumatism, anemia; 
also for malignant tumors. 

2. Skin diseases: Eczema, acne, furunculosis, herpes^ 
I)Soriasis, lichen ruber, lupus, exudative erythema etc., 
(According to Eulenburg, really favorable results seem 
to have been attained in the treatment of these cases.) 

3. Nervous symptoms: neuralgias and nervous dis- 
eases of the heart 

4. Diseases in the urogenital r^on in both sexes, as 
well as hemorrhoids. 

5. Lately even for the treatment of pulmonary 
phthisis. 

Beports of cures, especially in cases of the last sort, 
should be received with the greatest skepticism. But it 
is very likely that the high-frequency current has a 
soporific effect. 

In r^ard to injurious effects of the current, nothing 
reliable can be said. The statement made by some 
authors, that hysteria and neurasthenia are not influ- 
enced at all or else unfavorably by teslaization, is not 
true according to my exi)erience. Further observations 
must prove how much truth there is in the reports of 
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self-induction. The cnrrent, unipolar or bipolar, is 
conducted to the body by means of a glass electrode, 
which contains an oil-insulated metal wire. 

The length of the application is from three to twenty umgOk or 
minutes. The treatment should be repeated daily or ^ 
every other day. 

The instruments are very expensive. However, it is 
considerably cheaper if one already has a Buhmkorff, 
especially if the apparatus can be attached to the public 
lighting system. 
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NEWER APPLICATIONS OF ELECTRICITY 

As an appendix to the book sometliing may be said 
of several varieties of the electrical ctirreut which, more 
or less recently, have been the object of scientific iaTesti- 
gation, and which have also been recommended for diag- 
nostic and therapentic purposes. Altho they have uo 
great significance for the practitioner, the most impor- 
tant facts ill regard to them are given here for the sake 
of completeness. 

1. The magnetic-electrical current. As has been -nw kwdmid- \ 
shown above (page 22 and following), a faradic cnrreut -^^ 
is produced if a current alternately appears and disap- 
pears in a primary circuit — that is, if a wire spiral is 
constantly moved toward and away from a primary cir- 
cuit {e.g.. by rotation). Now, if we put a magnet in 
placo of the primary circuit of a galvanic cell and swiftly 
rotate the wire spiral in front of it, the same phenomena 
appear in the spiral as with the faradic current — i.e., 
with every rotation two opposite currents appear which 
may be conducted from the spiral to the body. 

The so-called magnetic-electricjil apparatus are con- 
strncted on this principle. In these two wire spirals on 



mere is generally an eiectroniagi 

(ijermaneiit) magnet, suid hand 
niechuuieal power. In regard t( 
faradic apparatus, see page 220. 
Magnetic- electrical apparatus 
mended as a substitute for the iD< 
are probably used ouly seldom o 
eonveuicnce,- 

Ldai 2. The siuusoidal and uudulaton 
die current has, as is well known, 
two component, opposite current in 
etreugth (see page 27, footnote), 
is mncb stronger than the closing i 
tious of the electromotive force — j 
— fonn au irregular curve at evi 
The same in a leaser degree is the ce 
electrical current. But if we mal 
which, by means of a so called " tra 
direct current from eentiul static 
latorH is chauged to a weaker altei 
we have a weakened alternating ci 
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poises of central systems do not show the irregolaritiea 
mentioned above). 

D'Arsonval and others after him have recommended 
th^e "sinusoidal " carrents for medico- therapeutic nae, 
especially foi- paralyses, atrophies, atonies, ueuralgias, 
rheumatic afTections, and in gynecological diseases for 
resorption of the products of inflammation, ct«. He has 
also constructed an especial apparatus, which gives such 
a current independently of a central station. 

A modification of this kiud of current, the undulating i 
current, has been mentioned by d'Arsonval for the same 
purposes. It is derived from the sinusoidal bj' connect- 
ing an automatic current-reverser, and is distinguished 
from it by the fact that the current curves have not the 
pure siuus form, but all have the same direction with s 
reference to the abscissa : whereas those of the sinusoidal 
current now rise above and now sink below the abscissa, 
the wave movements of the undulating current all remain 
above this axis. 

Both currents differ in ph3?8iol(^cal effect from other 
induct ion -currents by reason of their greater milduess, 
lessened painfnluess, which is a result of their greater 
evenness. The method of application is very easy aud 
needs no special description. 

3. The mouodicVoIta current (Jodko current). Prom i 
a Ruhmkorff. as soon as it is connected with some cur- *■ 
rent source (Ug^'i^g system or accumulator battery), 
direct currents may be conducted to the body, one pole 
eudiug in a free point, while the other is connected with 
a copper wire immersed in a fluid, iijtrokiug can be 
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ELECTRO-TRERA PE UTIC8 



(loue vith the glass tubes coutaiuiug the fluid. The ffee J 
point may serve for local muscle BtimulatioD, or ttte I 
patient is expoaed to its radiatiou in the manner of a J 
static bath (see above, page 241). 
Tba condenier 4_ The coQilenser dischai'ges (after Zanietowski). It J 

DUcbiirqea c > / -u 

is well knowu that condenser discharges (see page 234) J 
have a stimulating effect on nerves and muscles. Zanie- 
towski, however, is the first to have made syBtematic in- 
vestigatious, in a series of noteworthy labors, sm to the 
effects of such dischai^es, and he has found them emi- 
nently well fitted for therapeutic purposes (for pajulesa 
electrization in pediatry, in ueurastheuia, ete., for ai 
massage-like shaking up of the fiue tissues, et«.), and| 
especially for filler diagnosis. 

For this he uses minimal bipolar discharges (bipolar 1 
in order to prevent the eleetrotonic effects of one par- 
ticular pole) from coudeusers of "optimal capacity" 
(that is, not too large, in oi-der to avoid a too slow dis- 
charge and electrolysis ; and not too small in order to | 
prevent electrotonic iufiuences). Thus he seeks to found I 
a sort of electro -diagnosis with elementary stimulation, ] 
which may be of importance for the future of oar 1 
science. 

So far the chief results of his iuvestigstions are; (1)J 
na Tbe compilation of tables of the (physiological) ezcita- ' 
tality for condenser discharges; (2) the discovery of] 
pathological reactions to the form of current in questioD. 
Intereetiug diagnostic points have already been observed, 
and, moreover, the electro-diagnosis of all pathological J 
changes in excitability ia much more exact and easy by I 
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means of the discharge becanae of its short duration and 
the absence of electrotonic earrent influences and those 
which change the re^tAuce. In moscular dystrophy 
the absence of all condenser contractions, in spite of re- 
tained faradic and galvanic excitability, has been estab- 
lished; the myasthenic reaction of exhaostion appears 
with surprisiug slowness, the myotonic very plainly and 
painlessly. Attacks of tetany may often be predicted 
far in advance by increased condenser excitability ; and 
in syringomyelia there are remarkable discoveries of 
electrical sensibility. 

Zanietowski 's apparatus, which consists of current 
source, condensers, a bipolar reverser, volt- regulator, 
and amperemeter, may also be used for galvanization, 
galvano-faradizatlon, faradimetry, and for measnrementa 
of resistance. 

6. Treatment with alternating -cnrrent magnets (per- i 
mea-electric treatment). This method of treatment, 
whose cm-ative value the engineer, Eugene Conrad '^""'™'" 
(Miiller) recently discovered by accident, belongs, 
strictly speaking, not to electrotherapy, but is a special 
form of magneto -therapy, which has long been employed 
in other ways. With the latter the patieut is exposed 
to the influence of a so-called permanent magnet (t.e., 
a piece of steel permanently magnetized), while in the 
former we have lo deal willi an alter Dating -cur rent elec- 
tromagnet. By meauH of a coiled wire spiral an alter- 
nating current (or a direct current changed to an 
alternating one by a transformer) from a central source 
is sent through a hollow core made of numerous layers 



of sheet iron. B; this current of high intensity, bat 1 
relatively low tension, and alternating frequency, 60 to 
70 pole alteroatloD, there is produced in the iron core a 
magnetism witii changing polarity at the same rate. It 
then attracta strongly paramagnetic bodies (e.g., iron! 
SlingB), arranging them in the form of rays, and 1 
Btrongly repels diamagnetic bodies {e.g., aluminum) 
without being changed by the interposed human body 
(the lines of magnetic force "perroeant"). The part i 
of the body to be treated ia exposed to this magnetio I 
field. 

The inatmment cousists of the so-called radiator — that 
is, of a drum suspended movably with the cylindrical 
surfaces pointing up and down— consisting of slabs of 
serpentine. On the inside, in additiou to the already 
mentioned electromagnet, there is a double — inner and 
outer — arrangement for cooling, to overcome the great 
heat which is produced. The current source is the cen- 
tral lighting system (in ca.se of direct-current lighting 
with tbe addition of a transformer). A case contains I 
the apparatus for conducting, measuring, and regulating 1 
the current, and the water-pipes. A large metal rheostat | 
makes a gradation of the current possible. 

If one side of the face is held toward the radiator, 
things seem to swim before the eyes ; but this disappean I 
when the ejes are closed, a phenomenon as yet uaex- | 
plained. Other physiological effects are said to have 
been found in the increase of the oxyhemoglobin of 
the blood, sedative influence on the vasomotor sya- 
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This method of treatment is recommended therai)ea- 
tically, especially for all kinds of neuralgias including 
chronic, as well as for neurasthenia, insomnia, vaso- 
motor disturbances, angina i)ectoris, etc. (Rodari). 
Further investigation is necessary. 
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AB60LX7TE minimal resistance, 

155 
Acoessory apparatus, 20, 217 ff. 

connection, 17, 18 ff. 

connection, rheostat in, 18 ff. 

current, 19 
Accident, neuroses following, 

108, 149, 157, 200 
Acroparesthesia, 205 
Affections, laryngeal, 213 
Air-bath, monodic, 257, 258 

static, 241, 258 
Alcoholic neuritis, 117 
Alternating current, 24, 220, 
244 ff. 

current, high frequency, 
167, 244 ff. 

current, magnets, 259 
Alternative, Volta's, 208, 210 
Allochiria, electromotor, 50 
Ampere, 11 

Amperemeter, 248, 259 
Amyotrophic lateral sclerosis, 

110, 116 
Anatomical differences. 111 ff. 
Anelectrotonus, 86, 166 
Anemia, 218, 251 
Anesthesia, hysterical, 149, 157 
Angioparalytic liemicrania, 206 
Anodal contraction, 41 ff., 94, 96 

labile treatment, 204 

tetany, 105. 148 



Anode, faradic, 27, 44, 68, 73 
galvanic, 5. 6, 34, 40 ff., 93, 

166 
labile, 178, 204 
local, 176. 186, 201, 212 
pole, 5, 6, 21, 34 ff. 
stabile, 188 
Anterior horn diseases, 115 

poliomyelitis, acute, 110, 

115, 134, 136 
poliomyelitis, chronic, 110, 
115, 188 
Aphasia, 192 

Aphonia, hysterical. 199, 212 
Apparatus, accessory, 20, 217 ff. 
faradic. 22 ff., 42, 222 ff., 229 
franklinic, 235 ff. 
galvanic, 3 ff., 30, 214, 224, 

229 
measuring, 10 ff. 
portable, 218, 222 ff. 
static, 235 ff. 
stationary, 7 ff., 217 ff. 
Appearance of light at appara- 
tus, 147, 148, 245. 249 
Arc, connecting, 5, 11, 13, 16 ff., 

21 ff., 24 ff. 
Area of the electrode, 55, 89 
Arm, muscles and nerves of the, 

67 
Arrangement of cells in aeries, 6, 
217 
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ArsCDical paralysiB, 117 


Battery, galvanic, 6. 215 


Artcrlosrk'rOHlB, 191, 193 


Bed, condpusei. 352 


Arthritic stropby. 107. 118. SUA 


Binding.post, 7, yi. 80, 90. IM 


Articular rbcumatLeni, 209, 342. 


BipoUi- reverscr, 359 


251, 2.17 


Blailder disorders, 207. 213 


Ascending turrnit. 85 ff. 


Blood pteBsure, 167. 350 


Asplijsia, 65, 194 


Bodies, electrical, 233 


local, 305 


Body, resistance of the buman. 


Aathenlc paralysis, 148 


11 ff., 10. 26, 94, 153 ff. 


Asthma, asi 


Bougie electrode, 307 


Athetosifi. aoa 


Brachial plems. neuralgia of, IM 


Atony of the etomach aiiii the 


Brain, diseases of the, 105, 107, 


intestines. 310, 267 


112. 190 ff. 


Atrophies, occupation, 118 


Branches, end, 100, 101 


Atrophy, arthritic. 107. 113, 209 


Breeze, electrical, 240, 241 


cerebral. 107 


Brush current. 340 


degenerative. 103 


electrode*, 181. 190, IW, 305. 


myopathic. 109, 13fl, 185 


330 


myopathic progressive. 109 


Bulbar paralysis. 110. 114, 194 


ff., 115. 188.185.859 


Bundle-like contraction, 139. 140 


neural. 116 


Button electrode. 63, 186. 381. 


of disuse, 107, 108 


342,343 


optic, 198 


Buzzing in the ear, 193, 303 


reflci. 107, 113 




simple, lOa 


Cachexia. 175 


spinal progressive muscular. 


Cage, 353 


109. US, 126 ff., 144 


Calculi, renal, 281 


Auto-conduction, 252 


Caibon pole, fi 


AxiB-cyUnderproceu, 08, 100 IF. 


Carfiac cramp, 313 




Cardialgia, 312 


Backache. 199 


Case tor wall-plate 321, 247, 360 


Back, galvanization of the. 188, 


Catalytic effect of the cuneot. 


169, 190. 199 


168 


BwedoWs disease. 157.208 


Cataphoresls, 185 


Bath, air-, static. 241. 258 


Catelectrotonus, 186 


dipolar, 197 


Cells arranged in series, 8. 217 


electrical. 186. 197, 205, 208 


chromic-acid, 233 


four-cell. 108 


Cell-collecting switch. 9, 30, 3!^ 


monopolar, 197 


39, 93, 320, 336 


static, 241, 268 


Cell, constant, 314 


two-cell. 197 


conUct, 323 


Battery, dip, 215, 228 ft. 


Danieli-SiemenB'. 317 
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Cell, dip, 233 

dry. 217, 224, 227 
galTanic, 822 
LeclanchS, 19, 216, 227 
pynunidal, 98 
zinc-carbon, 2, 4, 214, 224 
zinc-carbon manganese, 216 
zinc-copper, 5, 216 
Central galvanization, 196 
Cephalalgia, 198, 198, 241 
Cerebral atrophy, 107 

children's, paralysis, 111, 

115 
diseases, 105, 107, 112. 190 ff. 
hemiplegia, 105, 107, 112, 

188, 192 
hemiplegia, infantile. 111, 
115 
Change, electrical, 120 
Changer, current, 28, 92, 185, 

224,230 
Changes,qiialitatiye,60,97,141 ff. 
qualitative - quantitative, 

104, 118 
quantitative, 50, 97, 118 
Charge, electrical, 236, 287 
Chemical theory, 164 
Childhood, cerebral paralysis of, 
111, 115 
infantile spinal paralysis of, 

111, 115, 135, 136, 189 
reaction of muscles in, 44, 
48, 105 
Chlorosis, 218 
Chorea, 202 
Chromic-acid cells, 223 
Chronic poliomyelitis, 110, 115, 

188 
Circuit, primary, 255 
Closing induction -current, 27 
of the current, 24, 27, 83 ff., 
40. 56, 91. 172. 256 



Coil distance, 26, 46. 90, 104, 256 

primary, 28, 26, 27, 90 

secondary, 28, 90, 245, 252 
Colic, lead, 212 
Collector, double, 220 
Column, diseases of the spinal, 

108, 115 
Combined current, 80, 184, 189, 
204,211 

system diseases, 115 
CoDununication, electrical, 233 
Complete reaction of degenera 

tion, 117ff.,128ff. 
Concentration, 39 

current, 39, 55 
Condensation method, 95, 252 
Condenser, 234. 244, 248, 252 
258 

bed, 252 

discharges, 258 

electrode, 252 
Conducting-balls, metal, 288 

cords, 7, 89, 92, 289, 249 
Conduction, 238 ff. 

motor path, 98 ff. 

rapidity of, 48 

resistance, faradic, 56 

resistance, galvanic, 15 ff. 
Connecting arc, 5, 11, 18, 16 ff., 

21, 24 ff. 
Connection, accessory, 175 ff. 

of apparatus to street cur- 
rent, 220 ff., 244. 247, 
256, 257 

direct, 19 ff. 
Constant cell, 214 

current, 4 

minimal resistance, 155 ff. 
Constipation, 211, 212 
Contact cell, 222 

pohit, 17, 19, 80 

rheostat. 152 



^^V|^^^^^B 


266 INDEX ^^^ 




Cord, conducting, 7, 89. 92. 339, 


, 158 ff. 


349 


CoDtractioD, Miod«I. 41 R., 94. M 


Core, iron, 86, 28. 360 


bundle-like. 189, 140 


Conico-spinal neuroui, 100 


charactarof, 85. 87. 41. 08 


Cough, reffex. 189 


diptegtc. 50 


Course of reaction of dcEenem- 


electrical reflex. 00 


ttOQ, 118 ff. 


faradk. 44. 91, 138. 141 


Cramp, cardiac, 318 


faradic UrdineBS. 108. 187 


writer's. 304 


faradic tetanic. 46. 91, 187. 


Crisig point, 130 


140 


Crown electrode. 340 


form, raradic, 44. 50, 91. 187 


Curative value of electro-tha^ 


ff.. 141 fl. 


apy. 161 ff. 


form, galvanic, 42 ff., 51, 86, 


Cure, feeding, 195 


B8. 94, 121 ff.. 143 ff. 


Current. acceBsory, 19 


formula. 41 ff,, 50. 93 ff.. 


allcmating, 24. 220. 344 S. 


ISSff. 


alternating high frequency. 


formula. Ealvanic, 50. 94 ff.. 


167. 344 ff. 


123 (T- 


BBOcnding. Bfi ff 


RBlvanic, tardy. 131 ff. 


catalytic effect of. 166 


gftlTanic tetanic. 43. 94. 104, 




121, 148 


21t 


Indirect tardinem. 137 


changer. 38. 93. 185. 339, 


law. 41, 131 


330 


law. human. 87 ff.. 50, 91. 


closing. 24, 37, 33 B.. 40, 5«, 


123 


01. 173, 256 


law of polar. 50. 93, 131 


concpDlration. 39. 56 


law, Mllger's, 34, 41 


constant, 4 


law, reverBBl of the. 114, 


creeping in and creeping 


131 ff. 


out, 171, 177. 191. 308 


lightnine-IIke, 43. 45. 93 


descending, 8S, 170. 188 


minimal. 15. 30, 45, 61 ff.. 


directions, 4, 6, 31, 88, 34. 


104. 108 


37, 39. 34. 88, 348, 357 


myoclonic, 140 


dosage, 160 0. 


myotonic. 143, 357 


dynamn, 230, 334. 366 


of the muscles, 15. 33. 41 ff. 


effects, psychic, 163 


91 ff.. 186,343.349 


effects, Bpucific, 168 


peraiBtence of the. 143. 144 


electrical, 4 


tardiDcss obligatory. 138 


excitation effects of the, SB, 


Contrafndicationa of electro- 


48 


tbenpcutics, 174, 188. 191. 


extra. 37, 233. 380 


193, 311, 381 


famdic, 33, 44, 56, 170 
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Current, galvanic, 4. 86, 170 
high-frequency, 167, d44 ff. 
increased, 11, 56 
induced, 26 

induction, 32 ff., 45, 66, 266 
intensity, 11, 12, 20, 27, 82 
-lodka" volta, 257 
magnetic electrical, 265, 266, 

259 
manipulation, 15, 88, 157 
monodic volta, 857 
opening, 24. 27, 88 ff., 40 ff., 

08, 172, 256 
primary, 28. 222 
reverser, 20, 22, 40, i)2 ff., 

224, 248, 257 
reversing, 88, 98, 157, 172, 

206,210 
rising. 186, 212, 218 
secondary, 24, 27, 45 
sinusoidal, 256, 257 
sleep - producing effect of, 

197, 201, 242, 251, 261 
spark, 242 
streamers, 88, 72, 74, 112, 

121. 147 
strength, 10, 20, 165, 169, 

178,206 
strength of the, 10. 20, 29. 

165, 169, 178, 207, 208, 

282 
strong, 26, 41, 46, 169, 178, 

207, 208, 282 
Tesla, 167. 244 ff. 
threads. 81, 157 
undulating, 256, 257 
weak, 84, 41, 46, 160, 170 
Cutaneous sensibility, 146 ff. 
sensibility, farado*, 146 ff. 

DAinBLL-SlKMKKB' Cell. 217 

d'Axionvalization, 167, 244 ff. 



d* Arson vaVs experiments, 250 
Degeneration, 101, 102, 109, 

117 ff. 

course of reaction of, 118 ff. 
law of the reaction of, 108, 

138 
partial reaction of, 117 ff., 

125, 180, 185 
reaction of, 98, 108, 110, 118 

ff., 188 
severe, complete reaction of, 

118 ff., 124 
Dendrites, 101 
Density, 81, 82, 55 
Descending current, 85, 179, 

188 
galvanic currents, 179 
Determination as to prognosis, 
129. 130 
of poles, 288 
Diabetes, 251 
Diagnostic value of reaction of 

degeneration, 110 ff. 
Diameter of electrode, 55, 89 
Differences, anatomical. 111 ff. 
Different electrode, 89, 55 
Diminished excitability, 86, 87, 
48,97, 106 ff.. 120 ff. 
resistance. 157 
Diminution in maximal contrac- 
tion, 189 
Dip battery, 215, 228 ff. 

ceU, 228 ff. 
Diphtheritic paralysis, 117, 184» 

218 
Diplegic contraction, 50 
Dipolar bath, 107 
Direct connection, 10 ff. 

connection, rheostat in, 16 

ff., 218 
muscle stimulation, 88, 48, 
118, 110. 186 
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Direction of the current, 4. 5, 21. 


DryceU, 317,234, 837 


22, 24, 27, 2S, 34. 36, 340, 3eT 


Dubois Reymond'i law. 84 


Dischftrger. 236, 249 


Dynamo current, 220, 244, 259 


Discbarges. 358 






Dystrophy, progresdve muscu- 


DJiChBrglng, electricBl. 234, 242 


lar. 109, 186, 185. 369 


Dtseaae. BaBedow's. 157, 206 




Morvan'B. 115 


Eak, buzzing in the, 198. 803 


Raynaud 'i, 205 


electrical reaction of tlw. 


DlseaseB, brain. lOS, 107. 118. 


145. 14» 


19011. 


ringing in the, 193, 302 


cerebral, 106, 107, 112, 190 fl. 


Ectasls of the stomach. 310 




Edema, 46. 112 


of IJje anterior born, 115 


Effects, catalytic. 166 


of Ihc gen 1 to- urinary §yB- 


electrochemical. 164ff., IN 


tem. 200. 201. 207. 218. 


electrolytic, 308 


251 


of the current, other, 81 


of the heart, 201. 912. 251 


of the current, psychic, 183 


of the inteallnes. 310, 211. 


of the current, specific, IBS 


857 


refles, 167 ff. 


of the joints, 107, 208. 343 


subjective, 183, 199, 349 


of the nerve root, 115 


Electrical baths, 186, 197, 30fi, 


of the nerves, 106 S.. Ill, 


208 


116 ff., 183 ft. 


bodies, 38S 


of tbeildD, 1G7. 213, 361 


breeze, 240, 341 


of the sploal-cord colunuj, 


change. 120 


108. 115 


charge, 336. 387 


of the Bplnal cord. lOS, 109. 


communication, 238 


110, 115, 126, 184, 188 


current. 4 


of the stomach. 210 ff.,3B7 


discharging, 384, 343 


vertebral, 116 


energy, 8 


DlBordersof the bladder, 207, 218 


fatigue. 148. 269 


sexual, 200. 313 


massage, 186. 187. 308, 310 ' 


Distance, coil. 36. 44, 93, 104. 255 


reaction on the ear, 146. lU 


Disuse atrophy. 107, 108 


re&ex contraction. 50 


Dizziness, 66, 198 


sparks, 383. 289, 244. 346 


galvanic, 65, 61, ITI. 198, 


tension. 3, 12, 283, 244 fl. 


198 


trial of smell, 146 


Dosage of the current. 169 ft. 


trial of taste, 146 


Double collector, 330 


trial of visual Bense, 146. 146 


Douche, static, 341 


Electricity as a therapeutic 


Doumer-B dividing principle, 97 


means, 161 ff. ^M 
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Electricity, frictional, 288 

static, 288 

tensioii, 288 ff. 
Electrization, tnmsvene, 189 
Electro-chemical effect, 164 ff., 
180 

theory, 164, 166, 160 
Electro-cutaneous sensibility, 

146 ff. 
Electro-diagnostic exercises, 

68 ff. 
limitations, 48 ff . 
Electrode, 6, 7, 81, 39, 88, 89, 

147, 178. 179. 181, 186, 281, 

282, 240, 252 
bougie, 207 

brush, 181, 190, 199, 206, 280 
button, 66, 186, 281, 242. 248 
condenser, 262 
crown, 240 
different, 89. 65 
Erb's normal, 55 
Erb's sensibility, 147, 148 
exciting, 89, 55. 90. 145. 166 
Frankenhftuser's. 232 
indifferent, 39, 54, 55, 88 
Luraschi's, 281 
neck, 54, 89 
normal, 55, 89 
normal, Erb's, 55 
normal, Stintzing's, 55. 89, 
pencil, 181, 280 
plate, 81, 89. 54, 88. 179. 280 
roller, 186, 187, 208. 210. 281 
sensibility, 146, 147 
Stintzing's normal. 55, 89 
with interrupter, 41, 55, 89 

ff., 172, 179, 182, 280 
Electrodes, diameter of, 55, 89 
moistening of the. 14, 54. 57. 

64, 89, 156, 178, 179, 281 
special, 281 



Electrodes, surface of, 81, 40 
Electrolysis, 164, 208, 282, 258 
Electrolytic effect, 206 
Electromagnet, 25, 256, 259 

treatment with, 259 
Electro-motor allochiria, 60 
force, 4, 6, 11, 12, 26, 46, 
92, 245ff. 
Electro-muscular sensibility, 150 
Electroneuramobometer, 48 
Electro-therapeutics, contraindi- 
cations, 174, 188, 191, 211. 251 
Electro-therapy, the curative 

value of. 161 ff. 
Electrotonus. 86. 166 ff., 258 
Elemental single reaction, 97 
Elephantiasis, 157 
End branches, 100, 101 
Energy, electrical. 8 
Enteroptosis, 210 
Enuresis, nocturnal, 207 
Erb's normal electrode, 55 
point, 64 
sensibility electrode, 147, 

148 
waves. 142 ff. 
Erythromelalgia. 205 
Essential resistance. 11 ff. 
Ether paralysis. 116 
Exceptions to the law of reaction 

of degeneration, 138 
Excitable point, the most, 51, 

58ff.. 90. 111. 122 
ExcitabiUty, 36, 45, 55. 97 

diminished, 36, 37, 48. 97, 

106 ff., 120 ff. 
extinguished, 87. 110. 112 ff., 

118, 124 
hicreased, 86, 103. 104. 

119 ff., 259 
mechanical, 122 
muscle. 93 
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Eicitetlon cnndlrion of Ibe per- 


Faradic tetanic contraction. 41^ 


ipheral nerres, 178 


Bl, 187. 140 


effect of Ibe current, 83, 48 


Faradlmeter. 96 


effect of the pole. 82, 18fi 




Eiciting electrode, 39, 56, BO, 


labile. 211 


US. 160 


Farado-cutoneoua sensibUltj 


ExereiBeB, eleclrodi a g n o s t i c , 


146 ff. 


58 ff. 


Farado-muscular s e n a 1 b 1 1 i t y.'- 


Extinction of excitability, 87, 


150 ff. 


110, 113, 118, 134 


Fatigue, electrical, 143, 359 


E«lra current. 27. 233, 350 


Fear, conditions of, 301 


Eitremity, muscleB and nerveB 


Feeding cure, 195 


of the lower. 63, 83 ff. 


Fever, 174 


muscles and nerves of the 


Fibrillary muscular cootne- 


upper, 67 ff. 


Uous. 141 


Eye. electrical excitability of the, 


Final resistance, 156 


146 


First resistance, 156 


muBcles, electrical eseitabil- 


Flaah of light, galvanic. SG, 81, 


Ity of, 6S, 193 


171 


muscles, paralysis of the, 


of light, law of, 145, 146 


IBS 


Fluid rheostat, 386 




Foot-plate, 340, 341 


F4CK. muscles and nerves of the. 


Force, electro-motor. 4, 6. 11. IS. 


86 


26, 46, 93. 246 ff. 


Facial paralysis. 63, 106, 116. 




117. 131, 137. 180, 135, 184 


44. 60. 91, 137 ff.. 141 tf. 


tics, 178 


of the galvanic cootractton. 


Paradicanode, 27. 44, 68,78 


43 ff.. 61. 86. 93. 94, 


apparatus, 32 if., 46, 323 H., 


131ff , 142ir. 


339 


Forniiila. contraction, 41 ff.. 60. 


conduction and resistance. 


98 ff.. 123 ff. 


56 


of the galvanic contiaetlon. 


contraction, 44, 91, 188, 141 


60, »4ff., 133 ff. 


contraction, form of, 44, 60, 


Four-cell bath. 198 


91, 137 ff.. 141 ff. 


Frankenhftuser"a electrode. 288 


current. 28, 44, 56, 170 


Frankllnic apparatus, 335 ff. 


hand. 193. 198 


plates. 285, 339. 343, 244 


kathode, 37, 44, 68, 78. 91 


FrankllniEatiou, 383 ff. 


moia, 181 


Frequency of treatment, 178 ff. 


reaction of degeneration, 


Frictlonal eleclricity. 238 


108. 137 


Functional neurosis, 106, l«t 


tatdy contraction, 108, 137 


194 ff.. 243 ■ 
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QAIX-ffTOHS, 261 

GalTBDlc anode. 6, 6, M, 40. ff.. 
98. 166 
appaimtufl, 8 ff. . 80. 214. 224. 



battery. 6. 215 

ceU. 8.22 

ooiiductioD resistance. 15 ff. 

contraction, form of. 42 ff., 

51. 89. 88. 91 121 ff.. 

142 ff. 
contraction, formula of. 50. 

94 ff.. 122 ff. 
current. 4. 86. 170 
flash of light. 55. 61. 171 
kathode. 5. 84. 85. 41 ff.. 68. 

92. 166. 200 
resistance. 18 ff., 18 
tardy contraction. 121 ff. 
taste. 55, 171 
tetanic contraction, 42. 94. 

104. 121. 143 
vertigo. 55. 61. 171. 193. 198 
GalTanization. central. 196 
general. 196 
head, 16.20, 171. 190 ff.. 198, 

208.206 
labile. 189 
muscle. 183 
of the back. 188. 189. 190. 

199 
of the neck. 196, 201 
of the vagus, 212 
sympathetic, 189. 199. 202 
Qalvano-faradization, 184. 190. 

204.211 
Galvano-muscular reaction of de- 
generation. 121 ff., 129 
Galvanometer. 10. 18, 15, 93, 154, 

218 ff.. 224 
horizontal. 219 
vertical. 219 



Oalvanoscope. 224 
Gastric spasms. 212 
Gkistro-intestinal neuroses. 212 
Gastroptosis. 210 
General faradization, 195 
galvanization. 196 
rules. 58. 168 
Generation of ozone, 240 
Genitourinary diseases. 200. 201, 

207.218.251 
German silver rheostat. 16. 17, 

152, 218, 260 
GUosis. 115 
Gout, 251 

Graphite rheostat. 226 
Graves's disease. 157, 206 

H^MATOMTBLIA. 115. 188 

Hammer of the magnet. 25 

WagnerNeef, 24. 90 
Hand, faradic, 193. 198 
Headaches, 193. 198. 241 
Head douche, static. 241 

galvanization. 16. 20. 171. 

190 ff.. 198.208.206 
plate. 241 
tetanus. 117 
Heart, diseases of the. 201. 212. 
251 
palpitation of the. 201 
Hemicrania. 206. 212 
Hemiplegia, cerebral, 105, 107. 
112. 188. 192 
infantile cerebral. 111. 115 
Hernia. 212 
High-frequency current*. 167, 

244 ff. 
Horizontal galvanometer. 219 
Human contraction law. 37 ff.. 

50, 91. 122 
Hyperidrosis. 201. 205 
Hypochondria. 194 ff. 
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Hysteria, 105, 108. 171. 194 if., 


Intestinal diseases, 210, 211. 207 


251 


paresis, 310, 357 


tiBumBtic, 108, 149, 157, 


Investigation, method of, 60. 


200 


88, fr. 


Hysterical aQPSthesta, 149, 167 


report of. 89 0!., 141 


aphonia, 199, 813 


Ions. 165 




Iron core, 26. 28, 380 


Impotency, 200 


iHcliiudic neuralgU, 179 ff. 


liicreafle, current, 11, 56 


Iscldafl, 179 


o{ excitability, 36, 108, 104, 




ii9ff., aw 


Jars, Ledyen, 234, 24.''>, 248 


Indifferent electrode, 39. 54, 55, 


"Jodko" current, 267 


88 


Joint, diseases of ttit^, 107. 208i 


Indirect muscle excltabUltj-. 


348 


118 11. 




muscle stimulation, 33, 


Eatbodal closing contraction. 


48ff.,,'>3, 186 


41fr.,9aff., 104 ff.. ISl 


tardy contraction, 1S7 


closing tetany, 42. M. BS, 


Induced current, 26 


104 ff.. 121 


Induction, 33, 234 




(ipparalus, 31 fl„ 46, 222 ff.. 


94 ff.. 104 ff. 


356 


opening tetany, 104 ff. 


coil, Ruhmkorff'a. 248. 357 


Kathode, faradic, 27, 44, 68. 78. 


current, 23, 4S, 00, 255 


91 


curreol. closing of. 37 


galvanic. 5. 34, 85.41 ff. 68. 


self-, 87, 250 


92. 166, 200 


luducCoriuni. Riilimliorff'a, 


lahile. 183, 189, 200, 218 


244 ff., 257 


stabile. 182 


Infantile spinal paralysis. 111. 


Kidney atone, 251 


115. 135, 136,189. 190 


Known resistance, 11 


Inflammation of the mUBclt*. 




185, 1S8 


Labilr anodal treatment, 204 




anode. 178, 204 


Influenzal neuritis, 117 


faradization, 311 




galvaub.atloii, 189 


Insulated foot plate, 340. 341 


kathode, 188, 189, 200, 218 


Insulator, 334 


Laryngeal affections, 213 


^^g Intensity of the current, 11, 12, 


Bllmulation, 67 


^^^K 32 


Lateral scleroslB, amyotrophic. 


^^^^^H Intercostal neuralgia. 179 


110, 115 


^^^^^H Interrupter electrodt-, 41, 55. 


Law, contraction, 41, 121 


^^^H 89 179. 183. 330 


Dub.>lB Keymond, 34 
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Law, flash of light, 145, 146 
of human contraction, 87 ff ., 

50, 91, 122 
of polar contraction, 50, 98, 

121 
of sound, 145, 146 
Pfl&ger's, 84, 41 
reaction of degeneration, 

103, 188 
reveraal of the contraction, 
114, 122 
Lead colic, 212 

paralysis, 74, 116, 181, 184, 
184 
Leclanch^ ceU, 19. 216. 227 
Leg, muscles and nerves of the, 

58,82 
Leyden jars. 284. 245. 248 
Light, flash, galvanic. 55. 61. 171 

law of flash of. 145, 146 
Lightning-like contraction, 48, 

45. 98 
Limitation of electro-diagnosis, 

481T. 
Local anode, 176. 186. 201, 212 
asphyxia. 205 
spasms, 176 ff. 
Localization in the spinal cord. 
182 ff. 
in therapy, 168 
Lower extremity, muscles and 

nerves of, 82 flF. 
Luraschi's electrode, 281 

Magnet of the hammer, 25 
Magnetic electrical current, 255, 

256, 259 
Magnets, alternating current, 259 
Manipulation of the current, 15, 

88, 157 
Massage, electrical, 186, 187, 208, 

120 
18 



Maximal contnctkm, diminution 

in, 189 
Measuring apparatua, 10 ff . 
Mechanical excitability, 122 
Medulla oblongata, 108, 114, 198, 

206 
Median, paralysis of Uie, 116 
Meningitides, 116, 181. 191 
Menstruation. 174 218 
Metabolism, diseases of. 218. 251 
Metal conducting-balls, 288 
negative, 4 
plate. 25 
positive, 5 
3Iethod. condensation. 95. 252 

of investigation. 50. 56. m H. 
Methods. Teslaizatkm. 252 
Milliamp^re, 10, 11, 18, i». 94 ff., 

104. 106 
Minimal absolute resisUJice, 155 
constant resistance. 155 ff. 
oontrsction, 15. 20, 45. 61 ff., 

104. 106 
relative resistance, 155 ff . 
Modification, negative, 86, 87, 

172 
Moistening of tlie electrodes, 14, 
54. 57, 64, 89, 156, 178. 179, 281 
Monodic air-bath, 257, 258 

volta current, 857 
Monopolar bath, 197 

stimulation, 40, 241, 242 
Morvan's disease, 115 
Most excitable oenre point , 58 ff . , 
69 ff. 
excitable point, 51 ff., 56ff., 

90 ff., 111. 122 
excitable point, tables for, 
02 ff., 58 ff. 
Motor conduction-path, 98 ff. 

point, 51 ff. 
Moxa, fandic, 181 
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Multiple neuriUe. 107. 184 


Myoclonic contractiuQ, 140 ff. 


sclerosU. 1«, 115 


Myopathic muscular alrnphy, 


MuBde airophy, arthritic. 107. 


lOB. 188, 185 


113, 20fl 


progresaive atrophy, epiuatf 


ainiphy, myopathic. 100, 


109. 113, 115. 126 ff.. 144. 


125 ff.. 188, 185, 3S8 


MyoBitis. 185 ff- 


atrophy, ni-ural. 116 


Myotonla, HI, 187 


atrophy. Bplnal. 109, 113, 


Myotonic reaction, 141 ff.. 259 


US, 126 FT.. 144 


MyxcPdema. 157 


contracUon. bundle-like. 




\m. 140 


Nahcobib. paralyBls following, 


excitobility. 98 


116 


excitability, direct, 118 ff. 


Neck electi-odes, 54, 80 


excitability, indirect, 118 fl. 


galVBiiizatiou. 106, aOl 


galvsnlzatloD. tSB 


muscle and nerrcB of the. 




63 ff. 


polDt. moHt excitable, 51 IT , 


Nuef'B hammer, 24, 90 


56 ff,, 133 


Negative, metal, 4 


senBibllily, faradic. 150 ff. 


modiflcation. 86, 87. 173 




pole, 5, 01, 239 


118, 119. 136 


Nerve, phrenic. 66. 194 


BtimulatloD. Indirect, 38. 43 


point, most exciUblc. 51 "-. 


ff,. 53, 136 


56ff..90 


atimulation, IckmI, 258 


process. 100 


Muscles, contraction of tijc, 15. 


root, diseases of the, US 


33,41 ff.,Bl ff.. 186 243. 


alimulation, 88. 43 ff., 12^; 


340 


136 


of the arm, 67 ff. 


Nerves, diseases of, 106 ff.. Ul, 


of thefaceaodhpad. 5Bff, 


116 ff., 183 ff. 


of the lower extremity, 83 ff. 


excilAtioii condition of pef 


of the neck, 63 ff. 


ipheral. 176 


of the trunk. 78 ff. 


of the face, 59 ff. 


of the upper entremity. 67 ff. 


of the lower extremity, 83 ff. 


relaxing of the, 54, 00. 137 


of the neck. 63 ff. 


MuBcular contraction, fibrillary. 


of the trunk. 78 IT. 


141 


of the upper estremlly, 67 ff. 


rheumatism, 186, 342, 251, 


paralysis of peripheral, 106. 


267 


111. 116 ff.. 183 3. 


Myuthenic reaction. 143, 167, 




269 


Neural muscle atrophy, 116 ^H 


pseudo-paralyBis, 148, 187 


Neuralgia. 176 ff., 340, i&. 2filjH 


HyetltiB, 108, US 


IjJ 
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Neuralgia, intercostal, 179 

ischiadic, 179 ff. 

of the plexus, 180 

trigeminal, 177. 240, 251, 361 
Nenramobometer, 48 
Neurasthenia, 194 ff., 251. 258, 

261 
Neuritides, 107, 117, 181 fif. 
Neuritis, influenzal, 117 ' 

multiple, 107, 184 
Neuron, cortico-spinal, 100 

muscular spinal, 100 
Neurons, 100, 167 
Neuroses following accident, 
108, 149, 157. 200 

functional, 108. 149, 194 ff., 
242 

gastro-intestinal, 212 

occupation. 204 

secretory, 205 

traumatic. 108, 149. 157. 200 

▼asomotor, 201, 205, 260 
Neurotonic reaction, 143 
Neutralization, 289 
Nervous vomiting, 210 
Nocturnal enuresis, 207 
Normal electrode. Erb's, 55 

electrode, Stintzing's, 55, 89 

electrodes, 55, 89 

Obesftt, 251 

Obligatory contraction tardiness, 

188 
Oblongata, 101, 108, 114, 198, 206 
Occupation atrophies, 116 

neuroses, 204 
Oculo-motor paralysis, 68, 192 
Ohm, 12, 158 
Ohm's law, 11, 80, 158 
Opening the current, 24, 27, 

88ff., 40ff., 98. 172,256 
Optic atrophy, 198 



Other effects of the current, 81 
Ozone, generation of, 240 

Pain, 170, .176 ff., 190,257 
Palate, paralysis of the. 213 
Palpitation of the heart. 201 
Paresthesias, 190, 240 
Paralyses, spinal, 190 
Paralysis agitans, 208 

asthenic, 148 

bulbar. 110. 114, 194 

cerebral, of childhood. 111, 
115 

diphtheritic, 117, 184, 213 

ether, 116 

facial. 63, 106. 116, 117. 121, 
127, 180, 185, 184 

following narcosis, 116 

infantile spinal. Ill, 115, 
185, 186. 189, 190 

lead, 74, 116, 181, 184. 184 

of the eye muscles, 198 

of the palate, 218 

of the peripheral nerves, 
106, 111. 116 ff., 182 ff. 

median, 116 

oculo-motor, 68, 192, 198 

partial. 182 ff. 

peroneal, 116 

pressure, 116 

progressive, 191 

radial. 7i 106, 116, 119, 180, 
168, 182 

relaxing, 74, 116, 119 

spastic, 105 

spastic spinal, 108, 115 

treatment of, 182 ff., 242, 
257 

ulnar, 72, 116 ff. 
Partial paralysis, 182 ff. 

reaction of degeneration, 
117 ff., 119, 126, 180, 185 
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Pftrtlkl rekctinn of degenentlon 


Pole, virtual. 133 


with Indirecl cnntrscllon tardi- 


elnc, 6 


neas, 13S, 180, 197 


Poles, determination of. S38 


Path. motor-conductioD, 98 S. 




Pencil, electrode, 181, 230 


110, 115. 184. 186 


Permea electrical treatment, 369 


chrome. UO. llS. 188 


Peripheral nerve, excitation ol. 




176 


Portable apparatus, 218. 322 tt. 


nerre paralyals. 10«. Ill, 


Positive, metal, S 


118 ff„ 182 fi. 


pole, 6, 84 fl,. 339 


Peroneal paralysis, llfl 


Posts, binding-, 7. 31. SO. 90. 


PersiBteocfi of the contraction. 


1B4 


143. 144 


Postutates, 16 


Paager'H law. 34. 41 


PolentlaUty, 28* 


Phrenif nerve, 65. 1B4 


Pregnancy, 176 


Phyfdcal theory. 1(14 


Pressure, bbod, 167. 360 


PhjBlological theory. 164 


paralysis. 116 


Plate electrode, 81. 89. 54, Se. 


Primary circuit. 365 


179.280 


coil. 28, 26. 27. 90 


foot-. 240. 241 




head-. 241 


218 


metallic, 35 


current. 38. 233 


Plates. fraDtlinic, 33ft. 289. 243. 


spiral. 86 


344 


Procesa. ajiis-cy Under. 88. 100 ff. 


Point, contact. 17. 19. 30 


nenre. 100 


crisis, 130 




most eidtable. 61 S.. 56 B.. 




Wff.. Ill, 133 


139, 180 


most excitable nerve, fi8 fi.. 


Progressive muscular atropbj. 


60 fl. 


myopathic. 100 ff.. US, 


radiation. 340 


IBS, 186. 250 


Polar conlracHon law. 60. B8, 131 


muscular atrophy, spinal. 


eiritatlon eSei-t. 83. IM 


109, 118, 115. 136 (T.. 144 


treaimeni. 166. m 


muscular dystrophy, 109, 


PolarttaiioD. 21&. 284 


188. 186. 350 M 


Pole. 4. 6. 37. Bl. 389 


paralyses. 191 ■ 


■node. n. B.ai.S4B. 




carbon, 5 


Pseudo-paimlysis. myasthenia B 


(xrluUoD vffKl ot. 88. IM 


143. 187 ■ 


kathode, fi. 01 


Psrchk effects of the cuneot ■ 


i»|»tlve, 6. >1. 289 


183 M 


poittlT*. S. M S . 38» 


Pirchods. 101. m H 



INDEX 



277 



Pyramidal cells, 98 
tract. 99 

QUALITATIYK chftngcfl, 50, 97, 

141 ff. 
-quantitative changes, 104, 

118 
QuantitatiTe changes, 50, 97, 118 

Radial paralysis, 74, 106, 116, 

119, 180, 168, 182 
Radiation point, 240 
Radiator, 360 
Rapidity of conduction, 48 
Raynaud's disease, 205 
Reaction of degeneration, 98, 
108, 110, 118 ff., 188 
of degeneration, complete, 

117 fif., 128 fif. 
of degeneration, diagnostic 

value, 110 ff. 
of degeneration, exceptions 

to the law, 188 ff. 
of degeneration, faradic, 

108, 187 
of degeneration, galvano- 

muscular, 121 ff., 129 
of degeneration, law of , 108, 

188 
of degeneration, medium, 

117 ff. 
of degeneration, partial, 
117 ff., 119, 125, 180,185 
of degeneration, partial, 
with indirect contraction 
tardiness, 126, 180, 187 
of degeneration, severe, 

117 ff., 124, 125 
of degeneration, slight, 

117 ff. 
of muscles in childhood, 44, 
48,105 



Reaction, myasthenic, 148, 187, 
259 

myotonic, 141 ff., 259 

neurotonic, 148 

of the sensory organs, 145 ff . 
Reflex atrophy, 107, 118 

contraction, electrical, 50 

cough, 189 

effects, 167 ff. 
Regeneration, 128, 182 
Relative minimal resistance, 

155 ff. 
Relaxing of the muscles, 54, 90, 
187 

paralysis, 74, 116, 119 
Renal calculi, 251 
Report, 89, 95, 141 

of the investigation, 89 ff., 
141 
Resistance, 18 ff., 152 ff. 

absolute minimal, 155 ff. 

body, 11 ff., 19, 26, 94, 152 ff. 

constant minimal, 155 ff. 

contingent, 11 ff., 152 ff. 

diminished, 157 

essential, 11 ff. 

faradic, conduction, 56 

final. 155 

first, 156 

galvanic, 18 ff.. 18 

galvanic conduction, 15 ff. 

known, 11 

relative minimal, 155 ff. 

skin, 18, 26, 154, 156 ff. 

table, 152 

unknown, 11 
Resonance method, 252 
Reversal of the contraction law, 

114, 121 ff. 
Reverser, bipolar, 259 

current, 20, 22, 40. 92 ff., 
224,248. 257 
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ReveraiQg current, 33. W. ID?. 


Sensibility, cutaneoui, IM ff. 


173. 808, SIO 


electrode, 146. 147 


Bh««t«t, 16, 17. ao. ao, 30, 40, 




flSff.. 179.218.223.238 


electro-muBcular, 160 


contacts. 1G2 




flutd. 238 


farado muscular. ISO ff 


German silver, 16. 17. 163. 


Sensory organs, reaction ot. 


3t8. 360 


145 ff. 


graphite. 326 


Serial arraogemcnl of cells. 6. 317 


In acccasory connectton, 18 


Series, l^nsion. 4 


ft., 119 


Severe complete reaction o( de- 


Id direct connL-ction. 16 tt., 


generation. 118 ff.. 124 


218 


Sexual disorders, 200. 213 


in primary connecUon, 16fl.. 


Side efiecla of the current. 31 


218 


Sign, prognostic. 126, 130 


reslBlance-labk. 163. 154 


Simulation. 108. 149 




Single reaction, elemental. 97 


261, 2r,7 


strokes, 36 


muBcular, 186, 243, 351, 367 




Ringing In the car. 19S, 302 


ekin (tiseases. 167. 313, 2GI 


Rising current, 186, 313, 313 


resistance, 18, 36, 151 


Roller electrode. 186. 187, 208, 


Sleep producing effect of cur- 


210, 281 


rent. 1S7, aOl, 242. 261. 361 


Root, diseBsea of tlie nerve-. 118 


Smell, electric trial of, 144 


Ruhrakorff, 244, 2415, 248, 357 


Solenoid, 245 S. 


RubmkorfT's iDductorium, 245 


Hound, Uw of. 145, 146 


ff.,357 


Spark current, 212 


Bpark inductor, 344 &,. 218 


electrical, 338, 239, 2U. 24S 


Rules, general, 56. 168 


static. 338 




Bpaams. 178, 183, 187. 212 


BCH2M&TIC tables, 52, 68 


cardiac, 213 


Scleroderma, 157, 313 


local, 176 (f. 


Bcierosia, 115 


Spastic paralysis, lOS 


amyotrophic lateral, 110, 


spinal imralysls, 106. 115 


llfi 


Specific effects of the current. 


multiple, 108, 115 


168 


Secondary coll, 33 fl., 00, 215, 


Spinal cord, diseases ot the, 105. 


363, 255 


109. 110, 115, 126, 131. 188 


current, 34, 37, 46 


cord localization, 182 S. 


spiral, 33 ff, , 90, 245, 252, 3S6 


muscle atrophy. 109. 118, 


Secretory neurosis, 305 


126 ff., 144 


Self induction, 37. 250 


muscular neuron, 100 
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Spinal paralyses, 106, 111, 115, 
185, 186, 189, 190 
paralysis, infantile. 111, 115, 

185, 186, 189, 190 
paralysis, spastic, 106, 115 
Spiral, primary, 25 

secondary, 28 if., 90. 246, 
252, 256 
Stabile anode, 188 
kathode, 182 
Static apparatus, 285 fi. 
air-bath, 241, 258 
douche, 241 
electricity, 288 
electricity, use of, 240 
head douche, 241 
spark, 288 
Stationary apparatus, 7 if., 217 ff. 
Sternum, 80, 54, 89 
Stimulation, laryngeal, 67 
local muscle, 258 
monopolar, 40, 241, 242 
nerve, 88, 48 ff.. 128, 186 
Btintzing's normal electrode, 55, 
89 
' tables, 48. 51, 96. 106 
Stomach, diseases of the, 210 ff., 
257 
ectasis. 210 
Stone, kidney, 251 
Streamers, current, 88, 72, 74, 

112, 121, 147 
Street-current connection, 220 ff . , 

244, 247, 256, 257 
Strength of the current, 10, 29, 

165, 169, 178, 206 
Strokes, single, 26 
Strong current, 26, 41» 46, 169, 

178, 207, 208, 288 
Struma, 206, 207 
Subacidity, 211 
Suggestion, 168 fL 



Suggestive effects, 162, 199, 249 
Surface of electrode, 81, 40 
Surprise treatment, 199 ff. 
Swallowing, 67, 194 
Switch, cell-coUecting, 9, 22, 29, 

92,220,226 
Sympathetic galvanization, 189, 

199,202 
Symptomatic treatment, 169, 198 
Syringomyelia, 115, 126, 259 
Systemic diseases, combined, 115 

Tabes dorsalis, 105, 106, 188 
Table of resistance, 152 

of rheostat resistance, 158, 
154 
Tables for most excitable point, 
52 ff., 58 ff. 
schematic, 52, 58 
Stintzing's, 48, 51, 96, 106 
Tardy faradic contraction, 106, 
187 
galvanic contraction, 121 ff. 
indirect contraction, 187 
Taste, electric trial of, 146 

galvanic, 55, 171 
Tension, electrical, 8, 12, 288, 
244 ff. 
electricity, 288 ff. 
series, 4 
Tesla current, 167, 244 ff., 249 ff. 
Teslaization, 167, 244 ff., 250 
Tetanic contraction, faradic, 45, 
91, 187, 140 
contraction, galvanic, 42, 
94, 104, 121, 148 
Tetanus, 117 
head, 117 
Tetany, 104 ff., 160, 208, 259 
anodal, 105, 148 
kathodal clodng, 42, 94, 96, 
104 fl.. 121 



Tract, raotor-conductioD. 98 ff. 


Vert 


pyramidal, 99 


Vert 


Transformer, 220. 256, 259. 260 


J 


Transverse electrization, 189 




Tnumatic hysteria, 106, 149, 


Virti 


157,200 


Viso 


neuroses, 106, 149, 157, 200 


Visu 


Treatment, frequency of, 173 ff. 


14i 


of pazalysU, 182 ff., 242, 257 


Volt, 


permea electrical, 269 


Volt! 


polar, 166, 172 


Volb 


surprise, 190 


Volti 


symptomatic, 169, 198 


Vom 


with electromagnet, 259 




Tremor, 206, 204 


Wag 


Trigeminal neuralgia, 177, 240, 


Wall 


251,261 


Wav 


Trunk, muscles and nerves of 


Weal 


the, 78 ff. 


Writ 


Two^ll bath, 197 





Ulkar paralysis, 72. 116 ff. 
Undulating current, 256, 257 
Unknown resistance, 11 



Zinc 
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